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UNITED STATES
DEPARTMENT OF THE INTERIOR
OFFICE OF THE SECRETARY
WASHINGTON, D.C. 20240

August 3, 1964

MEMORANDUM

To: Secretary of the Interior

From: Passamaquoddy-Saint John River Study Committee
Subject: The International Passamaquoddy Tidal Power

Project and Upper Saint John River Hydroelectric
Power Development

We submit herewith the report which supplements the earlier report
which was transmitted to President John F, Kennedy on July 1, 1963,
entitled '"The International Passamaquoddy Tidal Power Project and
Upper Saint John River Hydroelectric Power Development.' This
report was prepared under the supervision of Assistant Secretary
Kenneth Holum, Water and Power Development.

Under established Federal financial procedures and criteria, we .
have found the proposed Passamaquoddy-Dickey Project, Maine and
New Brunswick, engineeringly and financially feasible. For the
first time in the history of this Nation, it would harness the enor-
mous energy of the ocean's tides for the production of relatively
low cost and abundant electricity in the New England area. It would
. provide immediate and sustained employment opportunities, flood
control, recreation, an international tourist attraction, hydro-
electric power generation on the Upper Saint John River in Maine
and downstream power benefits in Canada,

This report contains the findings from the addtional investigations
completed by the Corps of Engineers, U, S, Army, and this
Department since President Kennedy's acceptance of the previous
report on July 16, 1963, In directing these studies be undertaken,
the late President recognized that since the project involves inter-
national waters, equitable agreements must be reached with the
Canadian Government before its construction could be started. The
Department of State was directed to proceed toward accomplishing
such agreements, We have been, and will continue, to assist as
necessary in this endeavor,



Lt, Gen., W, K, Wilson, Jr., Chief of Engineers, U. 5, Army,

by letter of July 29, 1963, proposed the establishment of an eight
member Army-Interior Advisory Board on the Passamaquoddy

and Upper Saint John River Project composed of four representa-
tives from each Agency. The purpose of this Board was to advise
and guide both Agencies in the additional work required to supple~
ment the July 1 report. By letter of July 30, 1963, the Department
accepted the proposal. Later the Board was augmented to include
representatives of the Department of Commerce and the Federal
Power Commission as participating members, and representatives
of the Bureau of the Budget, the President's Office of Science and
Technology, the President's Council of Economic Advisors, and the
Atomic Energy Commission, as observers,

The Board contributed immeasurably in both the evaluation and
investigation of the project and in perfecting the report. Xach

of the Agency representatives contributed generously of his talents
and time, but have not yet concurred in this report. The results
of this joint effort are embodied in this report.

The basic project would be comprised of the Passamaquoddy Tidal
Power Development with an initial installation of 500-Mw and an
ultimate installation of 1,000 Mw; the Dickey reservoir and power-
plant with an installed capacity of 760~Mw; the Lincoln School re-
regulating reservoir and powerplant with an installed capacity of
34~-Mw; and a transmission system interconnecting these plants
and delivering power to load centers in Maine and in the vicinity

of Boston, Massachusetts., The Passamaquoddy powerplant would
utilize the two~pool plan proposed and described in the International
Joint Commission's report of April 1961 and all features would

be identical with the exception of the powerplants,

In the International Joint Commission plan, an installed capacity
of 300-Mw was proposed and the powerplant was to be operated

to produce load factor power to serve a local area, In the present
proposal, an initial capacity of 500-Mw would be installed and
ultimately 1,000~Mw, and the plant would be operated to provide
peaking power to supply an expanded marketing area of New
England and New Brunswick. The powerplant would incorporate
reversible features in the turbines which would enable the gen-
erating units to be operated as pumps during the periods of neap
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tide so that the dependable capacity would be determined by the
installed capacities in the powerhouses and not by the magnitude
of the neap tide, An insignificant increase in the investment cost
and in the cost of energy for pumping would be required to accom-
plish this improvement.,

The Dickey and lLincola School powerplants on the Upper Saint John
River would be electrically interconnected with the Passamaquoddy
powerplant and coordinated so as to produce the optimum benefits,
The operation would be extremely flexible and considerable quan-
tities of load factor power could be provided for the local areas
and, in addition, very substantial quantities of peaking power. In
the current analysis, a peak of two hours duration was considered
a very likely occurrence and this was selected for the basis of the
analysis,

The total power output of the project would be 1,794-Mw as
the ultimate installed capacity, However, in the initial plan,
only 1, 294-Mw is recommended, which can be installed in stages
to meet the load demands. Generation will be provided at-site
of about 3 billion kilowatthours and downstream benefits in Canada
of 656 million kilowatthours, annually. The cost of the project
is approximately $896 million, including a transmission system
at a cost of $87 million, This investment would provide annual
benefits of $46.86 million, of which $42,51 million would be power,
$2,03 million recreation, $2,28 million area redevelopment and
$0.04 million flood control benefits within the United States, with
significant flood control benefits to Canada which have not been
evaluated in the project benefits, ;

i
The recommended benefit-cost ratio of the Passamaquoddy—fS{ickey
Project is 1,47 to 1,00, of which the Dickey and Lincoln School
beaefit-cost ratio is 2.25 to 1,00, and the Passamaquoddy Tidal
Power Project's benefit-cost ratio is 1,04 to 1,00, The segments
of this project complement each other and together create values
which are greater than would be obtained from either operating
independently., These benefit-cost ratios were determined for a
100-year period of analysis with interest at 3 percent.

With an allocation of about 10 percent to the non-power features,
the investment in the project can be repaid with interest at 3 percent
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within a 50~year period after each unit becomes revenue producing
from revenues from the sale of power at the following rates:

Capacity $19.75 per Kilowatt-year
Energy 3.0 Mills per kilowatthour

The above prices are lower than power that can be produced by
privately financed new modern conventional steam plants, nuclear
powerplants using light water reactors, and pumped storage plants
with the transmission essential to deliver power to the load centers,

In accordance with the established procedures and criteria for
project formulation and evaluation, we have also considered the
least costly alternative. If federally financed, conventional steam,
nuclear powerplants and pumped storage plants would cost less
than the project. However, the proposed development of the -
Passamaquoddy-Dickey Project will provide more benefits than
just power supply. The enormous and perpetual energy of the
ocean's tides will be utilized instead of wasted. The construction
of this project will provide greatly expanded employment oppor-
tunities as well as attractive recreational opportunities for an
expanding population, with a resulting impact on the economy of
the State of Maine and surrounding areas.

In view of the extensive previous investigations made on the project
dating back to 1922 and the additional studies made in connection

with the review of the report requested by the late President Kennedy,
plus the work accomplished under the advice of the Passamaquoddy
Advisory Board, we are firmly convinced that the construction of

the Passamaquoddy-Dickey Project as a Federal development will
benefit Maine, New England, the Maritime Provinces, Canada, and
the United States of America. Agreements, of course, must be
reached with the Canadian Government,

We recommend early consideration moving towards possible authori-
zation of the International Passamaquoddy Tidal Power Project and
the Upper Saint John River Developments for construction by the
Corps of Engineers, U, S. Army, and marketing of power and con-
struction of transmission lines by the Department of the Interior,
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As specified in Senate Document 97, 87th Congress, we are
transmitting this report to the interested Federal Agencies, the
Governors of the New England States, as well as to the appropriate
national and provincial representatives of the Dominion of Canada
for comment., Such comments as are received will be reviewed

and incorporated in your final report to the President of the
United States.

f*/%l”"é’/m& {( Loﬁé"tf“**/

Morgan D.] Dubrow, Chairman

- /LD /
L‘le"—’;’ /J,,,/ [‘: ///L Lt fﬂ//t

~Joseph E. Guidry, Project Enginsg’f'
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CHAPTER 1

PURPOSE AND SCOPE OF REPORT

The purpose of this report is to present additional conclugions of
the Department of the Interior's review of the International Joint
Commission's report on the Intérnational Passamaquoddy Tidal
Power Project, April - 1961, It supplemeénts the report of July
1963 entitled "The International Passamaquoddy Tidal Power
Project and Upper Saint John River Hydroelectric Power Develop~
ment, "

The report embraces the considerations and suggestions of the
Joint Army=~Interior Advisory Board, which was created shortly
after President Kennedy's acceptance of the Department's report
on July 16, 1963, This Board consists of representatives from
the Corps of Engineers, the Department of the Interior, the
Department of Commerce and the Federal Power Commission as
participating members, with representatives of the Bureau of the
Budget, the President's Office of Science and Technology, the
President's Council of Economic Advisors and the Atomic Energy

Commission as obgervers,

The suggestions of all representatives on the Board were considered,

but since the Board's function was advisory, the views of the



individuals might not necessarily fully conform with the Agencies*

position in commenting on the report.

The following contributions by the Corps of Engineers are included:

a. Geologic investigations and field explorations at the
sites of all structural components,

b. Field Surveys. .

c. Hydrologic investigations of tbe Saint John.River.

d. Layout and design of facilities for powerplants at
Passamaquoddy; power dam and closure dikes at Dickey;
and reregulating and power dam at Lincoln School.

e, Studies of use of inclined axis turbines at Passamaquoddy
in cooperation with the Bureau pf Reclamation,

f. Planning appraisal of all lands and damages for the
entire project,

g. Cost estimates of facilities.

The Department of the Interior in its traditional role for water

resource development accepts the basic responsibility for this

report which portrays a feasible and workable plan for utilization



of this unique water power resource -- the tides. The Department
conducted the economic analysis and marketing studies and pro-

vided the cost estimates for the transmission facilities,

The Department of State is working towards an agreement with
the Canadian Government. A technical briefing session was held
in Ottawa, Canada, December 4 - 5, 1963, as well as other

meetings between officials of the two countries.



CHAPTER 11

SUMMARY - FINDINGS

The results accomplished since completion of the July 1, 1963
report confirm the engineering and economic feasibility and the
desirability of constructing, by the United States, the propos;ed
International Passamaquoddy Tidal Power Project, the Dickey
storage reservoir and powerplant, and the Lincoln School re-
régulating reservoir and powerplant on the Upper Saint John River
and t'h"e associated transmission system. These include firm
geologic data and more detailed economic analyses than previously

applied as well as updated cost estimates.

The proposed project offers a practical plan for ha;.rnessing, for
the first time in the history of this Nation, the energy of the tides
for the economic bénéfit of a large section of the country, The
coupling of this resource with development of the hydroelectric
power potential of the Upper Saint John River provides a multi-
purpose project with very significant electric power, flood control,
recreation and area redevelopment benefits, Each of these will
constitute a significant element in the area.'s‘ economy. Wasting

of the energy in the tides and in the fl(;ws. of the Upper Saint John

River would be eliminated and changed to economic gain.



A major contribution from the project would be hydroelectric
power, The project would provide a large block of peaking and
load factor power which can be utilized advantageously in the

New England-New Brunswick area. It is in the production of
peaking power that the present Passamaquoddy proposal differs
from the previous concepts in which an attempt was made to match
the tidal power which follows the lunar day of 24 hours and 50
minutes with the electric power pattern which follows our living

habits on a solar day of 24 hours,

The installed capacity of the ultimate project would total 1, 794-MW,
However, the second 500-MW powerplant at Passamaquoddy is
deferred for future installation. The initial project would provide
1,294-MW of dependable capacity and approximately 3 billion
kilowatthours of electrical energy annually. The two-pool plan
envisioned in the International Joint Commission's report for
Passamaquoddy would be used with a 500-MW powerplant instead
of the 300-MW plant originally contemplated. The powerhouse
would be located at Carryingplacé Cove, the site originally chosen
for the 300-MW plant, The 500-MW plant would be interconnected
through a transmission system with two powerplants on the Upper
Saint John River, Dickey with 760-MW capacity, and Lincoln

School with an installation of 34-MW,



The project could be constructed in stages as the load demands
grow,. Initial operation of the first powerhouse at the Passama-
quoddy Tidal Power Development would require about six years
after constru;::ted is started, The second powerhouse at
Passamagquoddy would ta.ke. about five years. Dickey would re-
quire three and'o;ae-ha."lf years and Lincoln School two years after

the start of construction.

The estimated investment in the project, with Passamaquoddy -
SOO-MW.. Dickey- ?60-‘MW, and Lincoln School - 34-MW, would
total approximately $896 million, incl;xding the tra;nSmission
system with a cost of $87 million. The annual benefits would be
$46. 86 million of which $42.51 million is power, and $2.03 million
_recreatidn, $.2. 28. million area redévelopment and $0. 04 million
flood control benefits within the ‘United States., With an allocation
of about 10 percent to the recfeation, area redevélop’ment and
flood contz.'ol béne'fits, the éosf assigned to power could be repaid
from power revenues within a i::eriod of 50 years after each unit
becomes revenue producing, with interest at 3 percent per aanum
on the unpaid balance, The power would be marketed at load
centers for $19.75 per kilowatt-year for capacity and 3, 0 mills

per kilowatthour for energy. This is lower than the cost of power



provided by new modern steam electric powerplants, privately

financed.

The logical development of the Upper Saint John River and the
Passamaquoddy Project with the entire project financed by the
United States as visualized in this report is engineeringly feasi-
ble and economically sound, It has a benefit-cost ratio-of 1,47
to 1 of which the Upper Saint John River plants are 2.25 to 1 and
Passamaquoddy is 1.04 to 1, These are based on current princi-
ples utilizing a 100-year project formulation period with interest
at 3 percent. The repayment analysis is also base'd.on 3 percent
interest, with a payout period of 50 years after each power unit

becomes revénue producing.

Equivalent power could be provided by alternative federally
financed thermal power developments using either conventional
fossil fuels or nuclear energy, which would be generally contrary
to present practice and incompatible with the fundamental purposes
of this report, Furthermore, it would not be a true alternative

in conformance with the requirements of Senate Document No. 97,

of which the following is quoted:



", « + . There is no more economical means,
evaluated on a comparable basis, of accomplish-
ing the same purpose or purposes which would be
precluded from development if the plan were under-
taken. This limitation refers only to those alterna-
tive possibilities that would be physically displaced
or economically precluded from development if the
project is undertaken . « . ¢ + v 4 4 0 0 0 00 we o
Such a Federal steam plant, if attainable, would waste the Nation's
resources because it would lack the following fundamental benefits:
a. It would fail to utilize a significant undepletable
resource and source of energy which is constantly
being wasted to the sea by the rise and fall of the tides
in Passamaquoddy Bay and in the flow of the Upper
Saint John River on its course to the sea.
b, It would fail to provide the human appeal and
economic impact so essential to stimulating the
economy of the Maine area. It would lose the great
catalytic effect of developing this tidal resource.
c. It would not provide the needed immediate employ-
ment opportunities to alleviate poverty in the seriously
distressed conditions of Washington County and

Aroostook County as would be accomplished from

the Saint John and Passamaquoddy developmeants,



d. It could never attract and sustain recreational

resource value for the area,

The tidal and river resource developments would be operated
practically in perpetuity as all wearable parts can be replaced
as necessary, At the end of the repayment period, the project
will be in practically the same operating condition as it is in the
staft and the power ca then be produced for only the cost of
operation and interim replacements, Appropriate funds are
being included in the project analysis to cover the coperation and
maintenance expense and to provide for the necessary replace.-

ments.

The Passamaquoddy Bay is not subject to siltation and fiiling, so
its value will never be reduced from this cause. Its dams like-

wise for all practical purposes do not deteriorate in time,

The United States would fail in one facet of its leadership in
overall energy development by neglecting to develop the vast
energy in the Quoddy tides, Meanwhile, France will complete

‘the La Rance Pr oject and Russia is forging ahead in the develop-

ment of its tidal projects.



CHAPTER 111

RECOMMENDATIONS

We recommend that immediate steps be taken towards the

following:

I,

Early authorization.of the International
Passamaquoddy Tidal Power Project, the
Upper Saint John River Developments, and
the Transmission System, fﬁr construction
by the United States. The Cofp‘; of ¥ngineers

should be authorized to construct the basic

- project features and the Departrment of the

Interior should construct the transmission

lines and market the power,

Early construction of the project to develop
low cost firm power for Maine and ?eaking
power for the remainder of the New England
States, corabat poverty, develop recreaticn
resources, and utilize the now-wasted water

resources of Maine.
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CHAPTER 1V

PROJECT FEATURES

The project combination selected consists of the Passamaquoddy
development with reversible pump-turbines, the Dickey reservoir
and powerplant, the Lincoln School reregulating reservoir and
powerplant, and a transmission system interconnecting these
powerplants and delivering power to load centers in Maine and

in the vicinity of Boston, Massachusetts. Each feature is dis-
cussed in the following paragraphs:

a. Passamaquoddy

The designs and engineering studies for the Passamaquoddy Tidal
Fower Development are based on the International Joint Commission's
report of April 1961, It includes Passamaquoddy Bay as the High
Pool and Cobscook Bay as the Low Pool with two identical power-
houses, one at Carryingplace Cove and the second at Bar Harbor.

The powerhouses are the only features which differ from the 1JC

plan,

Nearly seven miles of rock-filled dams will be required, a small
portion of which would ';rary in depths ranging from 125 to 300
feet, _"I‘he tidal velocities will range as high as 10 feet per‘ second
during the 26 foot high tide presenting engineering and design

challenges without precedent. The Corps of Engineers, the
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Bureau of Reclamation, the Bureau of Yards and Docks, the
principal Federal engineering and construction agencies are confi-
dent that the tidal project can safely be constructed as concluded

in the International Joint Commission's report.

As described in the IJC report, outstanding specialists in the
fields of hydraulic engineering and soils mechanics were consulted
and model studies were made to determine the best and most

economical designs and methods of construction.

The project plan includes 90 fiiling gates, 40 in I.etite Passage

and 50 betwcen Western Passage and Indian River. In the reach
between Pope and Green Inlets, 70 emptying gates similar to the
filling gates, 'but set at a lower elevation, Would'en.’xpty the lower

pool.

Four navigation locks would be provided. The dimensions and
locations were selected to accommodate present traffic in
Passamaquoddy and Cobscook Bays with an allowance for a

modest increase in the size of ships using the area.

~The initial 50-unit powerplant will be at Carryingplace Cove and
the second identical unit at Bar Harbor. The locations are shown
in the Corps of Engineers' report included in this document. A
closure dam would connect the west end of the powerhouse to

the mainland,
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Reversible pump~turbine units were selected for installation in
the powerhouses between the Upper and Lower Pool in order te
provide flexibility in operation and utilization of the full installed
capacity of the project. This is described in Chapter V (a) and

in the Corps of Engineers' report.

b. Dickez

The site selected for the Dickey Dam and 760-Mw powerplant is
on the Upper Saint John River near Dickey, Maine, above the con-

fluence of the Allagash River.

The main dam across the river and the dikes across the adjoining
saddles would be of the earthfill type. All structural features
would be located on the right bank and in general founded on rock;
the low level outlet tunnels, which would be used for diversion
during construction; the powerhouse with tailrace discharging
int‘o the Saint John River; and the spillway which would discharge

during severe floods through a stilling basin into the lowermost

1-1/4 mile segment of the 100-mile Allagash River.

The Allagash River, located in the backwoods of northern Maine,
is one of the few remaining free-flowing streams of importance in the

eastern United States. It is a major recreation resource of

13



great potential significance to the Nation.

If the Allagash is not preserved, it will mean that the Nation has
lost access to an adventuresome outdoor experience which it has

treasured since early times.

c. Lincoln School

The Dickey powerplant, with an ultimate installed capacity of
760-MW will have an average regulated flow of 4,370 c¢.{.s. with
a maximum discharge of about 48, 000 ¢c.f.s, In order that th.e.
Dickey discharge might be better controlled and utilized, a re-
regulating reservoir would be required. An ideal site was found
approximately 11 miles downstream on the Saint John River at
Lincoln School, Here a dam will be constructed, including a
34-MW powerhouse, that will impound the Dickey discharges and
where the discharge will be regulated for more effective use by
exist.ing and proposed downstream hydroplants at Grand Falls

and Beechwood, New Brunswick,

d, Transmission

A strong transmission system is of the utmost importance to
this project. It is required for electrical interconnection of the
generating plants to permit fully coordinated and integrated

operation and for delivery of power to load centers. Since the

14



quantities of power involved are large and the distances are great,

it is necessary to use EHV - extra high voltages.

The transmission system, as shown on Figure 3, would consist
of two 345-KV transmission lines for the 410 miles from the
Dickey-Lincoln School powerplants to the Boston area via Bangor,
Augusta and Portland, Maine, and two 230-KV lines 90 miles
between Passamaquoddy and Bangor, Maine. These transmission
facilities would be required for a 500-MW development at
Passamaquoddy, with the full development of 760-MW at Dickey

and 34-MW at Lincoln School.

The transmission system was designed by the Bureau of Reclamation
based on network analyzer studies. Appropriate reactive correction
has been added to assure stable operation under fault conditions.

The design visualized interconnections with the power systems in
the New England area, as well as with Canada; however, no trans-
mission lines have been included in the cost estimates for inter-
connection with the New Brunswick Electric Power Commission
pending interconnection agreements with the Canadian Government

for construction of the project and sharing of the power benefits.

The transmission system linking the New Brunswick system with

the New England power systems will increase the reliability of

15



both syst,ems. This could reduce the amount of system reserve
required and provide other economies which accrue from inter-
connected and integrated operation. While the values of such
an interconnection are significant, none of these benefit.s were

evaluated or included in the current analysis,

The transmission systerm was designed and the cost estimates
were prepared on the basis of a Reconnaissance Field Survey
and broad assumptions as to distribution of power to the load
centers, Certain portions of the lines can be utilized for wheel-
ing and will provide additional revenues for the project. These
revenues were not evaluated., This fact will be recognized and
considered as contracts for the sale of power are negotiated,
The transmission system design should include such excess

capacity as can be judiciously included to provide for potential

revenue from the sale of "excess'' peaking capacity and "off-peak’’

capacity.
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CHAPTER V

HYDROLOGY AND OPERATING PLAN

The tides of Passamaquoddy Bay and the streamflows of the Upper
Saint John River in Maine constitute the energy source fpr this
project. The tides being astronomic in origin are dependable

as to occurrence and predictable in magnitude depending upon

the relative positions of the earth, moon and sun. The stream-
flows on the other hand follow no fixed pattern and depend on the

rainfall and other hydrologic factors.

The basic operating plan envisions using the two-pool plan
generally as set forth in the 1JC report for the tidal development
and utilizing storage control to regulate the releases and provide
head for the river development., In the tidal plan, the Upper Pool
is filled during the rising tide and water is allowed to flow from
the Upper Pool to the Lower Pool through turbines for the gen-
eration of power. Evacuation of the Lower Pool will occur
during the low tides, The river plan consists of controlling the
streamflow, thereby diminishing flood hazards and allowing the
water to flow through tul;bines for power generation, The power
generated would depend on the streamflow and the head through
which the water falls, which in turn depends upon the topography

of the area,
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a. Passamaquoddy

The Department's report of July 1963 envisioned the use of the
two-pool plan for Passamaquoddy and the operation of the project
to produce peak power of one hour's duration in the magnitude of
1,000-MW, As a result of the further studies concerning market-
ing possibilities, the engineering and economic analysis in this

report was made for a power pealk of two hours' duration.

Hydrologic studies using high speed electronic computers indicated
that dependable capacities as shown in Table 5-1 .could be obtained
for two hours' duration with installed capacities of 300 to 1,000-
MW, Limitations are placed on this operation during the period

of neap tide. By using reversible pump-turbine units, the water
level between the poois can be raised during the neap tide beyond
that obtainable from the tides alone. This increases the head
available for generation of power during the ﬁeap tides. Thus, the
Passamaquoddy powerplant can be operated at the full instalied

capacity at the powerplant during all peaking periods.

Table 5-2 shows the results of operation with pumping under the
following criteria:
1., The low pool is drawn down during the low tide

accurring before the peaking periods.

18



2. During the high tide preceeding this low tide, the low
pool is filled from the ocean and water pumped from the
low pool to the high pool.

3. A 30 percent pumping efficiency was used,

Should the Passamaquoddy Project be operated for the generation
of the maximum amount of energy rather than peaking power, the
following quantities in millions of kilowatt hours should be obtained:

Number of

turbine Energy production in GWH (1 million
units Annual 9-~-month pericd Kwh)
30 1, 840 1, 380
50 2,170 1, 630
70 2,280 1,710
100 2,360 1,770

Assuming the Passamaquoddy Powerplant is operated to produce
the maximum energy for 9 months of the year and peaking for 3
months as suggested by the FPC, which is considered a practical

operation, the following would be obtained for an installation of

500- MW:
Peaking Capacity 500-Mw
Generation -
9 months energy 1,630 GWH
3 months peaking energy 85
3 months off-peak energy 217
1,932 GWH
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Table 5-1

Passamaquoddy Power Generation (No pumping)

Installed Capacity - MW

October * 300 500 700 1,000
1937 Z-Hour Peaking
1 300 440 530 610
2 500 620 720
3 670 780
4 700 840
5 l 1,000
6 1,000
7 _ 700 1,000
8 300 500 660 820
9 260 370 500 610
10 220 300 380 440
11 190 260 320 370
12 170 240 290 330
13 180 260 310 350
14 220 300 370 430
15 250 350 420 490
16 300 400 480 560
17 500 580 670
18 700 820
19 950
20 1,000
21
22 l
23 1,000
24 Y 700 890
25 500 560 640
26 410 480 530
27 410 500 590
28 440 530 620
29 440 530 610
30 Y 450 540 630
31 300 490 580 680
ENERGY FOR MONTH - MILLIONS OF KILOWATTHOURS
Peak 17.380 27.120 35,100 43.960
Off- Peak 79.288 100, 868 95, 759 91,625
TOTAL 96 .668 127.988 130, 859 135,585

# October 1937 was selected because the mean tide range, as well
as the frequency distribution of the ranges, approximates the long

term observed values.
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Table 5-2
PASSAMAQUODDY TIDAL POWER PROJECT
PUMPING POWER REGQUIREMENTS
FOR PUMPING FROM LOW POOL TO
HIGH POOL DURING PERIODS OF
NEAF TIDE

50 Turbine Units - 2 Hour Peaking Duration

Assumed Energy production Energy requirement
placement in MWH for pumping
Oct 1937 of days Peak Off Peak in MWH
1 Saturday 800 1,390 0
2 Sunday 1,000 3,812 0
3 Monday 1,000 4,101 0
4 Tuesday 1,000 4,185 0
5 Wednesday 1,000 4,209 0
6 Thursday 1,000 3,130 0
7 Friday 1,000 3,074 0
8 Saturday 1,000 1,259 0
* Q9 Sunday 0 0 1,950
10 Monday 1,000 0 550
11 Tuesday 1,000 0 2,250
12 Wednesday 1,000 0 2,100
13 Thursday 1,000 0 1,700
14 Friday 1,000 0 1,050
15 Saturday 585 0 0
16 Sunday 756 725 0
17 Monday 1,000 3,697 0
18 Tuesday 1,000 4,153 0
19 Wednesday 1,000 4,830 0
20 Thursday 1,000 5,245 0
21 Friday 1,000 5,368 0
22 Saturday 1,000 4,027 0
23 Sunday 1,000 4,443 0
24 Monday 1,000 4,494 0
25 Tuesday 1,000 2,072 0
26 Wednesday 1,000 0 450
27 Thursday 1,000 0 800
28 Friday 1,000 630 700
29 Saturday 880 2,300 0
30 Sunday 980 2,776 0
31 Monday 1,000 3,680 0
Total 29,001 73,600 11,550
3-month period 85, 365 216,643 33,997

91,249 days i
21 * No peaking power needed



The Passamaquoddy operation is extremely flexible. Computer
studies prepared bylthe Bureau of Reclamation indicate that this
operation can be coordinated and integrated with thg ickey
powerplants to produce significant blocks of load factor power,
The quantities of power will depend on the installed capacity in
the Dickey unit and the installed capacity in Passamaquoddy.
The following tabulation indicates the quantities of load factor
power which could be obtained under these operations without

utilizing the internal pumping features on the Passamaquoddy

development.
2 Hour Peaking

Capacity

Dickey Passamaquoddy lLoad Factor Power Peaking Power
50% ‘

475-MW 300-MW 130-MW 300-MW
570-MW 500-MW 260-MW 500-MW
760-MW 500-MW 159-MW 1111-MW
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b, Dickey

The drainage area above the Dickey site is 2,725 square miles,

At maximum elevation of 910 the reservoir area would be 88,600
acres and its capacity 8,080,000~acre feet, At drawdown level

of 870 the reservoir area would be 58,500 acres and its capacity

5,180, 000«acre feet,

The regulated flow available at the Dickey site was developed

for periods of deficient streamflow, using records 6f flow at

the Dickey gauging station. The critical periods were 1947 to
1948 and 1955 to 1958. The storage and regulated flow for various

values of drawdown are:

Maximum Active Regulated
Drawdown Storage Flow
{(feet) (acre-feet) (cefsse)
10 845,000 2,520
20 1,600,000 3,560
30 2,300,000 4,100
40 2,900,000 4,370

In computing the regulated flows, an allowance of 50 c.f, 8. was
made for losses by evaporation and leakage, For the selected
maximum drawdown of 40 feet, the active storage would be

2,9 million acre-feet, and the regulated flow 4,370 c.f, s,

The annual energy generated with the full installation of 760-MWis

750 million kilowatthours annually,
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¢. Lincoln School

The active storage capacity of '16; 000 acre-feet at Lincoln School
would be sufficient for reregulation of the discharges from Dickey

on a monthly basis, The controlled average outflow from Lincoln
School would equal the regulated flow from Dickey plus the

minimum flow, 200 ¢. f. 5., from the Allagash River drainage area

of 1, 361 square miles, The 2, 900., 000 acré~f§ot a-cti‘ve storage,
40-foot maximum drawdown, at Dickey would permit a regulated
average flow of 4, 370 c. f. s, after deducting 50 c, f. 5. for evaporation
and leakage. Thus the regulated average flow from Lincoln School

would be 4, 570 c. f. s.

The average energy ge'nératéd with an installation of 34-MW at

Lincoln School is 260 million kilowatthours annually,
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CHAPTER VI

PROJECT PURPOSES

Substantial power, flood control, recreational and area redevelop-
ment benefits will be provided by this multipurpose project. Each

of these will have a significant impact on the area.

a. Power

Electric power will constitute the major benefit from this project
and will provide the revenues for repayment of all costs except

the approximate 10 percent allocated to area redevelopment, recrea-
tion and flood control. The need and marketability of the power
generated is described in the chapter on "Marketing. "' The

economics are covered under "Economic and Financial Analysis, "

The power generated will be predominantly 'peaking'' power but
substantial quantities of both load factor and off-peak power can

be produced. The operation is guite flexible and can be coordinated
readily with other generation sources in the area. Its long term
predictability enhances the effective utilization of the tidal resource
for the peaking power.

b, Ilood Control

The Saint John River rises in the Appalachian Mountains at Little
Saint John Lake on the international boundary between the United

States and Canada., The total fall from its source in Little Saint

John Lake and tidewater at Fredericton is about 1,578 feet. The
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total drainage area is about 21, 300 square miles, of which 7, 600
square miles is in the State of Maine. There are 2, 725 square
miles in the drainage area above the Dickey site and 1, 500 square

miles in the Allagash River Basin.

The Dickey reservoir with a capacity of 8, 080, 000 acre-feet, of
which 2, 900, 000 acre-feet ié active storage at a maximum draw-
down of 40 feet, will provide full regulation of the streamflow at

the Dickey site.

S'n-ownrnelt, sometime in combination with rainfall, annually pro-
duces spring floods along the Upper Saint John River. These would
be controlled by the proposed reservoir. Since the area has been
sparsely settled, significant damages have only occurred at Fort
Kent, which is located about 28 miles downstream from the Dickey
dam. The Fort Kent urban area has experienced seven consequential
floods during the past 36 yéars of record. Two of the largest floods
have occurred within the past five years, the most damaging being

in 1961, a recurrence of which would cause ciamages at today's

prices of $450, 0600,

Damages at Fort Kent start at a river discharge of 100, 000 c.f. s, The
1961 discharge was 131,000 c. f. s. Inasmuch as the Dickey dam

controls 47. 5 percent of the contributing drainage areas impoundment
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of flood waters would reduce discharges to well below the damage

stage.

The alternate method for prevention of damages, without reser-
voirs, would be a local protection project. A recent study
investigation by the New England Division, Corps of Engineers,
in 1963 indicated that such a project would cost $1,060, 000.
Dickey dam would make such a project unnecessary and the fiood

control benefits at Fort Kent would average $40, 000 annually.

The flood protection afforded by Dickey dam will also benefit the
Lower Saint John River, The actual extent of flood protection
afforded along the Lower Saint John River should be studied in
detail and evaluated in the course of negotiations with the Canadian

CGovernment,

c. Recreation

The recreational values of the 'potential Passamaquoddy Tidal
Power Project have been studied by the Department of the
Interior’s Bureau of Outdoor Recreation and are described in

the July 1963 report.

The principal attraction to tourists would be the tidal project.
This unique attraction and engineering marvel would feature the
rise and fall of the tides, the impounding of water in two natural

27



)

pools, navigation lockAs for unrestricted movement of boats,
emptying and filling gates, and power transmission. Parking
areas, picnic sites and boat launching ramps would be provided.
Service roads t(‘) the various features would offer sightseeing
opportunities to the area. Representative statistics on recrea-
tional use of several water z;eSOurce projects in other parts of

the Nation are as follows:

Project State Total Visitor Days-1962
Central Valley California 5,209,923
Boﬁlder Canyon Arizona-Nevada 3,200,739
Colorado-Big Thompson Colorado 1,593,653
W, C. Austin QOklahoma 1,295,079
Rio Grande New Mexico . 1,210,000
Solano California 865, 720
Rapid Valley South Dakota 605, 300

Recreational facilities could also be provided at the Dickey

reservoir site as camping areas and boat launching ramps.
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d. Area Redevelopment Benefits

Washington County, the location of the Passamaquoddy Tidal Power-"
plant, and Arocostook County, where the Dickey site is located,

have been declared areas of substantial and persistent unemploy-
ment. Washington County's population has declined for the decade
1950 to 1960, while Aroostook County's population increased only

by 9.4 percent--as contrasted to a national growth rate of 19. 2

percent.

Economic opportunity has been denied to the youth of both counties
with subsequent raigration to other cities and states, thus breaking
down the traditional family solidarity characteristic of New England,
Industry ha_s moved to other areas, thgreby causing many retail

and service establishments to close. The high cost of electric
power has been a significant contributing factor in the industrial
~decline of the area., Fish processing plants in Washington County--
an important local industry--have gone out of busingss. and the
county's agricultural economy has been decl_ining. In Aroostook
County, agricultur_al conditions are uncertain, and the lumber

industry is subject to wide fluctuation,

A national sampling conducted by the Department of Labor in

1959 shows that an annual income of approximately $6,000 is
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required to maintain a modest but adequate level of living for a
typical family of four. In Washington County, 34 percent of the
families have incomes of less than $3, 000 annually, and in
Aroostook Coulnty over 30 percent of the families have incomes

of less than $3,000. In Washington County, nearly 17 percent

 of the family units receive some form of public assistance, and

in Aroostook "County r_learly 12 percent of the family units receive
public assistance. Using this yardstick, one-third of the people

in the area live in poverty, as contrasted with a national projection -

of one-~fifth.

By providing substantial on-site employment, the Passamaquoddy-
Dickey Project will do much to alleviate human misery, The area
redevelopment values, however, go much further than employment
opportunity. The Department of the Interior's experience in 60
years of water resource development has conclusively demonstrated
that for each dollar of Federal investment an additional two dollars
of private business is stimulated. Furthermore, a rejuvenated

economy normally follows completion of water resource projects.

More important, perhaps, for longer term is the new 'ray of hope
which will be instilled in the people of the area--men, women,

and children who have lived with a mounting sense of despair for
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years. The psychological exit from poverty provided by Quoddy-
Dickey, as well as its material benefits, will again offer the self-
reliant people of the area a new opportunity to advance themselves

to the limits of their capabilities,

e. Effect on Fisheries

The International Joint Commission's report of April 1961 described
in detail the effect of the two-pool tidal powerplant operéted on the
basis of producing continuous power and evaluated the damages to
fishing under the project's operation. The general conclusion of
the previous report was as follows:

""On the basis of the extensive studies of the Fisheries

Board, the Commission finds that by providing for

relocation and modification of existing fisheries

facilities and by including appropriate remedial

measures in the design of the tidal power structures,

construction and operation of the tidal power project

would have very little effect on the important sardine

industry in the region and only a minor effect on other

fisheries, "

In answer to the question as to how the changes in the present
proposal might affect the fisheries of the Passamaquoddy area,
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a working party of United States and Canadian fishery scientists
was formed at a meeting in Ottawa, Canada, December 4 - 5,
1963, and asked to study the problem. This group, composed of
Drs, J. L. Hart and L. Chenard of Canada, and Messrs, D, L.
McKernan and L. W, Scattergood of the United States, reports
the following:

""Changes in the Fisheries

Although the Interior plan will produce minor
differences in oceanographic conditions compared
to the 1JC proposal, and the overall influence may
be slightly less favorable, it is concluded that
previous predictions contained in the 1JC report
concerning the effect of the project on the fisheries

of the area are generally valid. ”

This report was forwarded to the Canadian and United States
Governments. The report to the Secretary of the Interior was

dated April 21, 1964.
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" CHAPTER VII

COST ESTIMATES

This chapter Summar.izes the estimates of cost, as of January

1964, prepared by the Corps of Engineers for the Passamaquoddy
Tidal Power Froject and the hydroelectric powerplants on the Upper
Saint John River at Dickey, Maine, and Lincoln School, It also
summarizes the estimates of cost for the transmission system pre-

pared by the Bureau of Reclamation.

The layout and design of the tidal project is the same as proposed
by the Internla.tional Joint Commission with the exception of the
powerplant, Four sizes of powerplants are considered; nameiy,
thirty, fifty, seventy and one-hundred units of 10,000-KW each.
Thirty or fifty units would be located in Powerhouse No. ) and the
additional units to make up the seventy or one-hundred units would

be located in Powerhouse No. 2.

The proposed dam at Dickey, along with the reregulating dam

at Lincoln School, are new layouts and designs.

The transmission system estimate includes the lines and substation
necessary to market the power generated from the project in the
United States. Depending upon agreemeﬁts with Canada for sharing
of power, the transmission system could be modified to include

other lines interconnecting the United States and Canadian systems,
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ESTIMATE OF COST

TIDAL POWER PROJEGT

- Cost in Thousands
Installed Capacities

Item °  300-MW  500-MW  700-MW 1,000-MW
Powerplant $119,189  § 204,491 ¢ 302,287 ¢ 427,162
Switchyard 1,780 2,370 3,160 3,950
Filling Gates 62,634 62, 634 62, 634 62, 634
Emptying Gates 57,627 57,267 57,627 57,627
Liocks 18, 917 18,917 18,917 18, 917
Dams 77, 309 63, 664 64,454 64, 454
Lubec Channel 634 634 634 634
Fishways 888 1,298 1,748 2,324
Service Facilities 1, 670 1,870 2,070 2,470
Relocations 3,929 4,931 7,431 9, 631
L.ands and Damages 1, 870 1, 870 1,960 2,030

Subtotal $ 346, 447 $ 420, 306 $ 522,922 $ 651, 833
Contingencies 49,520 58,967 72,728 89, 616

Subtotal $395,967 $ 479,273 $ 595,650 $ 741, 449
Engr., Design

Supervision & 43,478 50, 581 61,221 74, 482

Administration

TOTAL FIRST  $439,445 $529,854 $ 656,871 $815, 931

COST S

Interest during 33,225 39,267 45,966 53,824

Construction

$ 472,670  $569,121  $ 702,837  $869,755
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ESTIMATE OF COST

DICKEY PROJECT

Cost in Thousands
Installed Capacities

Item 190-MW 380-MW 475-MW 760-MW
Lands and :
Damages $ 4,469  $4,469 $ 4,469 $4, 469
Relocations 1,363 1,363 1, 363 1,363
Reservoir Clearing 2,000 2,000 2,000 2,000
Dams 72,919 72,919 72,919 72,919
Penstocks 3,624 7,249 9,062 14, 503
Powerplant 28,531 39,093 44,591 60,229
Switchyard 1, 583 1, 940 2,787 3, 466
Buildings, Grounds
& Facilities 560 560 560 560
Access Roads 728 728 728 728
Subtotal $115, 777 $130,321  $138,479 $160,237
Contingencies’ 16, 935 18, 691 19,700 22,321
Subtotal $132, 712 $149, 012 $158,179  $182,558
Engr., Design
Supervision & 14,954 16, 559 17,476 19, 880
Administration
PROJECT FIRST .
COST $147, 666 $165, 571 $175, 655 $202,438
Interest during.
construction 6, 500 - 7,036 75337 8,128
$154,166 $172, 607 $182,992  $210, 566
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ESTIMATE OF COST

LINCOLN SCHOOL PROJEGCT

Item

L.ands and Damages
Relocations
Reservoir Clearing
Dams

Powerplant
Switchyard

Buildings, Grounds and
Facilities

Access Roads
Subtotal

Contingencies
Subtotal

Eﬂgihee;ing, Design, Supervision
and Administration

PROJECT FIRST
COST

Interest during construction

36

Cost in Thousands

$ 400
1, 238
40

4, 323
6, 290
387

208

50
1, 776

14, 712

1, 553

$16,265
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PASSAMAQUODDY OPERATION, MAINTENANCE AND
REPLACEMENT COST

Installed Installed Installed Installed
Capacity Capacity Capacity Capacity
300-MW 500-MW T00-MW 1, 000-MW
Operation &
Maintenance $1,126, 000 $1, 340,000 $1, 540, 000 $1, 910, 000 -
Replacements 333,000 508, 000 693, 000 974, 000
Total OM &R $1, 459,000 $1, 848,000

$2,233,000 $2, 880, 000

DICKEY AND LINCOLN SCHOOIL PROJECTS
OPERATION, MAINTENANCE AND REPLACEMENT COST

Installed Installed Installed Installed
Capacity Capacity Capacity Capacity
190-MW 380-MW 475-MW 760-MW
Operation &
Maintenance $ 400, 000 $580, 000 $670,000 $940, 000
Replacements 38,000 74, 000 92,000 145, 000
Total OM&R $ 438,000 $654, 000 $762, 000 $L085 000

LINCOLN SCHOOL PROJECT

Installed
Capacity
34-MW

Replacements $12, 800




TRANSMISSION

Investment $ 84,492,000
Interest During Construction 2,535,000
Total Investment $ 87,027,000
Annual Operation and Maintenance $ 489, 000
Replacements 87, QOO
O&M and Replac.ern.ents ¢ 576,000

PASSAMAQUODDY POWERPLANT

Added Cost For Inclusion of Reversible Turbine Features

Investment (50 Units)-(including interest ¢ 12,880,000
during construction)

Amortization ~ Annual $ 407, 650
Operation and Maintenance & Replacements 62,350
Annual Costs $ 470, 000
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CHAPTER VIII

ECONOMIC AND FINANCIAL ANALYSIS

The economic justification and financial feasibility of the potential
project have been analyzed using‘current evaluation procedures,
A 100.year period of analysis and a 3 percent Federal interest
rate were used in the economic studies. In accordance with the
provisions of Senate Document No, 97, recreation and area re;

development were included as project purposes,

a. Project Formulation

The optimum development for the Passamaquoddy-Dickey project
under current evaluation criteria was determined to consist of the
following project segments:
(1) Dickey Dam, Reservoir, and Powerplant with
eight generating units having a total installed
capacity of 760-MW;
(2) Lincoln School Regulating Reservoir and Powerplaat
with two generating units of 17-MW each;
{3) Passamaquoddy Tidal Basin facilities and powerplant
with 50 - 10-MW generating units; and
{(4) Transmission facilities required to distribute
project-produced power and energy to load centers
in Maine and Massachusetts.
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The proposed Dickey development represents maximum utilization
of the Saint Johﬁ River in Maine consistent with éreservation of
the wild river characteristics of the Allagash, The proposed
development of Passamaquoddy represents only an initial step
toward development of the full power poteantial. Construction of
Passamaquoddy as proposed in this report envisions the construc-
tion of the second powerplant when future conditions Wgrrant such

development.

Well established project formulation procedures were followed
in determining the optimum economic development of the project.

The objective of these procedures is to insure that the benefits
for each added segment of the project bear a favorable relation-

ship.to the cost for including the segment. Furthermore, the

project is formulated at a level of development that will result in

maximization of project benefits over costs.

Comparison of project benefits and costs for various size power

installations at Dickey indicates that the installation of .é.ight
generating units is amply justified, Additional units were not

considered because physical limitations preclude the installation

of more than eight units,
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Table 24 {cont.)

ESTIMATE OF COST

LINCOLN SCHOOL PROJECT

Unit
Ttem Quantity Unit Price Amount
7+ BUILDINGS, GROUNDS & FACILITIES LeS. $ 208,000
8. ACCESS ROADS L.s. $ 50,000
SUB=TOTAL $12,936,000
Contingencies 1,776,000
SUB-TOTAL $14,712,000
Engineering, design, supervision & administration 1,553,000
TOTAL PROJECT FIRST COST $16,265,000

I1-33



TABLE 8-1 PROJECT FORMULATION

- DICKEY ANALYZED WITHOUT PASSAMAQUODDY

Item

Power Installation at Dickey

2 Units 4 Units 6 Units 8 Units
Installed Capacity MW M My My
Dickey 190 380 570 760
Lincoln School 34 34 34 34
Total 224 414 604 794
Annual Benefits $1,000 $1,000 $1,000 $1,000
Power 10,398 15,162 19,924 24,688
Flood Control 40 40 40 40
. Area Redevelopment 247 271 343 409
Total 10,685 15,473 20,307 25,137
Incremental - 4,788 4,834 4,830
Annual Project Costs
Dickey 5,267 6,067 6,941 7,699
Lincoln School 593 593 593 593
Transmission System 671 2,018 2,870 2,870
Total 6,531 8,678 10,404 11,162
Incremental -- 2,147 1,726 758
Benefit-Cost Ratio
Total 1.64 1.78 1.95 2.25
Incremental -- 2.23 2.80 6.37
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Passamaquoddy was then analyzed as an increment to the Dickey
unit development. The result of this analysis is shown in Table 8-2.
It will be noted that Passamaquoddy with a power installation of

500 MW constitutes a justifiable increment to the project. Power
installations of 700 MW and 1,000 MW were also considered but it
was concluded that these should be reappraised at some future time
when the power demand grows and further experience is gained by
the utility systems in meeting peaking power requirements, Since
the initial 500-MW powerplant does not preclude later additions in
the second powerplant, considerations of the full development can

readily be deferred,

Internal pumped-storage features were included in the proposed

plan of de§elopment for Passamaquoddy because the analysis of
incremental benefits and costs associated with these features revealed
that for a relatively small expenditure, project benefits would be

enhanced greatly.

Information was obtained on the cost of developing equivalent
supplies of energy and capacity by alternate means. The estimated
cost of producing power by the proposed Dickey-Passamaquoddy
project is significantly lower than modern conventional steam
plants under private financing, Nevertheless, it would be possible
to produce the equivalent power at less cost in federally-

financed conventional steam plants. However, the two types
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of dgvelopments would not be at all comparable in terms of the
effects on water resource development, flood control, recreation

and area redevelopment.

Passamaquoddy, in particular, constitutes a unique resource
potential, Construction of steam plants would still leave this
unique resource undeveloped and the highly significant impact of
recreation and area redevelopment on the economy of the State
of Maine would be foregone. Therefore, it can be concluded that
the interests of the United States would not be served ﬁearly as
well by the construction of federally-financed steam plants in

New England.

The basic objective in the formulation of plans is to provide the

best use, or combination of uses, of w#ter and related land re-
sources to meet all foreseeable short and long-term needs,
National and economic development and the development of each
region within the country are-essential to the maiptenace of

national strength and the achievement of a sa:tisfactory level of
living., Water and related land resource development and manage-
ment aré essential to these aims., The well being of all people shall
be the over-riding determinant in considering the best use of water

and the related land resources, Construction of a steam plant
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as an alternate to the Paasamaquoddy-Dickey Project would not .

contribute to the foregoing aims.
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TABLE 8.2 PROJECT FORMULATION
INTEGRATEP OPERATION--DICKEY AND PASSAMAQUODDY
WITH PUMPED STORAGE (TWO-HOUR PEAKING)
(Based on 100 year Project Formulation)

8-Unit Integrated Operation
Dickey Dickey plus
Item with 30-Unit 50-Unit
Trans, ** Quoddy Quoddy
Installed Capacity MW MW My
Dickey plus Lincoln School 794 79 794
Quoddy _ee 300 500
Total 794 1,094 1,294
Annual Benefits $1,000 $1,000 $1,000
Power 24,688 36,732 42,511
Flood Control 40 40 40
Area Redevelopment 409 1,845 2,278
Recreation - 2,030 2,030
Total 25,137 40,647 46,859
Incremental - (15,510) 21,722
Annual Project Costs
Dickey plus Lincoln School 8,292 8,292 8,292
Quoddy - 16,700 20,334
Transmission System 2,870 3,330 3,330
Total 11,162 28,322 31,956
Incremental - (17,160) 20,794
Benefit-Cost Ratio
Total 2.25 1.44 1.47
Incremental -- {0.90) 1.04

* Pumping to Upper Pool from Lower Pool during periods of neap

tides, only.

*#% Transmission to Boston, Massachusetts area.
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b. Benefits and Costs

Construction of the proposed Passamaquoddy-Dickey power
development would create annual equivalent benefits of $46, 859, 000.
{This includes power benefits analyzed under a two-hour peaking
operation at Dickey and Passamaquoddy.) The associated annual
equivalent Federal project costs are $31, 956,000, The resulting

benefit~cost ratio is 1. 47 to L

C. PurBoses

Benefits creditable to the project were analyzed for five project
purposes--power, recreation, area redevelopment, flood control,
and fish and wildlife. A discussion of the benefits for each of these

purposes follows.

1. Power Benefits

The annual power benefits creditable to the proposed Passamaquoddy-
Dickey developments are estimated to be $42, 511, 000 based on

the standard energy-capacity approach. The annual value of

capacity and energy that would be produced by the project was
computed using energy and capacity unit values furnished by the
Federal Power Commission, These unit values represent the
alternative costs of producing energy and capacity in New England
from highly efficient, large~scale, conventional steam plants

under private financing. Inasmuch as transmission system
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costs have been included in the project cost estimates, power
benefits have been computed for at-market conditions, Trans-
mission losses of 9.5 percent for capacity and 7.1 percent for

energy were deducted in the power benefit analysis.

Composite at-market unit power values of 3.0 mills per kilowatt~
hour of energy and $27. 70 per kilowatt of dependable capacity
were adopted for use in evaluating power benefits, These com-
posite values reflect the projected amounts of energy and capacity
produced by the project that would be marketed in Boston and

Maine power load centers.

Energy Values Mills /KWH
Maine 3.31
Boston 2.79
Composite 3.00
Capacity Values Dollars/KW
Maine _ S 29.51
Boston 26.02
Composite 27.70

Estimates of dependable capacity, average annual energy generd-

tion, and power benefits are summarized in Table 8-3,
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Table8-3. Power Benefits and Related Data
Proposed Passamaquoddy-Dickey Power Developments
Two-Hour Peaking Operation

Item Amount
Installed Capacity MW
Dickey ‘ 760
Lincoln School 34
Passamaquoddy 500
Dependable Capacity 1,294
Average Annual Energy MWH
At-Site Production 2,908,000 *
Downstream Production 656,000
Annual Power Benefits $1,000
Capacity 32,439
Energy 10,072
Total 42,511

¥ Net production after deducting pumping energy used in pumped-
storage operation at Passamaquoddy, during neap tide periods,
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2, Recreation Benefits

The recreational asPects:of the ppte’ntial Paséaméquoddy Tidal
Development lhave been studiéd by '_the Bureau of Outdoor Recrea-
tion. This Bureau estimates the annuél re;:réa.tioné.l visitation to
Passamaquoddy would be 500,000 visitor-dayé under 1975 condi-
tions. The number of visitors is expected to increase to 4,675, 000
by the year 2025. The averége é.nnual benefits associated with

this recreation activity adjusted for changes over time are esti-
mated to be $2, 030, 000 based on recreational values of $0. 80

per visitor-day.

3. Area Redevelopment Benefits

Both the Passamaquoddy and Dickey power developments are
located within counties which are designated as '"'redevelopment
areas' based on criteria set forth in the Area Redevelopment
Act of 1961 {75 Stat. 47); therefore, construction of the potential
project would significantly reduce unemployment in these two

areas,

Current evaluation procedures require the measurement of bene-
fits attributable to the value of labor required for the construction
and operation of a project that otherwise would not be fully utilized,
Such benefits are identified in this analysis as area redevelopment
benefits.
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In evaluating the benefits which would accrue from area redevelop-
ment, wages paid to skilled and unskilled labor required for project
construction and salaries paid to personnel for project operation
were considered. Labor inputs necessary for the construction

of the potent;al project were estimated through use of information
obtained from the Corps of Engineers. Information on the present
extent of unemployment in the affected labor-market areas and

the character of the unempldyed labor force was obtained from

the Employment Security Commission, State of Maine, Utilizing
this information, the available local unemployed labor force was
compared with the projected construction work requirements by
construction years.t'o estimate the amount of increased employ-
ment of the local labor force creditable to project construction,
The associated construction wages converted to annual equivalent
values for a 100-year period of analysis were used as the con-
struction employment component of the area redevelopment

benefits,

Salaries and wages paid to the permanent operating personnel
were estimated and used in evaluating the contribution of project
operation to local employment. However, in accordance with

current procedures of the Department of Commerce, the overall

51



employment period was established at 20 years from initiation

of construction at the Dickey and the Passamaquoddy sites, and

a declining scale of values reaching zero in the 21st year was
utilized. lThe employment benefits associated with project
operation were evaluated as the annual equivalent of this series
of declining values when spread over the 100-year period of
analysis for the prpject. ‘The la.nnua.l area ;edevelopment benefits
creditable to the Passamaquoddy-Dickey power development, as

estimated in the umanner described, are $2,278,000, annually.

Additional information relating to the area redevelbpment analysis

is presented in Table 8-4,
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TABLE 8-4 Area Redevelopment Benefits
Passamaquoddy-Dickey Power Development

Dickey Passamaquoddy P:;:g;;_t

Local La.bof Utilized,

Construction

Man Years 2,200 9,900 12,100

Total Wages $9,630,000 $54, 080,000 $63,710,000
Operation and Maintenance

Annual Wages & Salaries $562, 000 $810,000 $1,372,000
Annual Equivalent Benefits

Construction $305,000 $1,712,000 $2,017,000

Operation & Maintenance $104, 000 $157,000 $261, 000

Total Benefits $ 409,000 $1,869,000 $2,278,000
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4, Flood Control Benefits

Construction of Dickey Dam and Reservoir is expected to provide

local flood control benefits at Fort Kent of $40, 000 annually.

5, Fish and Wildlife Benefits

Fish and wildlife benefits are not included in the project. The
costs for mitigating damages to fish and wildlife have been in-
cluded as project costs and have been allocated as joint costs of

the project.

6. Summary of Project Benefits

Purpose Annual Equivalent Benefits
Power {two hour peaking) $42,511, 000
Recreation 2,030,000
Flood Control 40,000
Area Redevelopment. 2,278,000

Total $46,859,000

d. Federal Power Costs

Annual Federal costs associated with the benefits for the potential
Passamaqguoddy-Dickey power development are estimated at
$31,956,000 based on a 100-year analysis and 3 percent interest.

The derivation of this estimate is shown in the following tabulation:
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Item

Construction Costs

Dickey

Lincoln School

Passamaquoddy {(with pumpin,
4 y modll%ica%)ior%s)

Transmission System

Interest during Construction

Dickey
Linceln School
Passamaquoddy

Transmission System

Total Investment

Annual Equivalent Investment Costs

Annual Operating Costs
Dickey and Lincoln School
Passamaquoddy
Transmission System

Total Annual Equivalent Costs
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Costs
($T, 600)

202, 438
16,265
541, 881

84,492

8,128

480

40,170
2,535

$ 896, 389

$ 28,370

1,098
1,912
576

$ 31,956



e, Cost Allocation

The costs of the potential project have been allocated among the
four functions of power, recreation, flood control and area re-
development, using the separable costs-remaining benefits
method of allocation, a 100-year period of analysis and three

percent interest. The costs to be allocated are summarized

below:
Prot ; c Annual
roject Investment Costs Operating
Project Coustr. I.D.C. Total Costs
Facilities . .
$1, 000 $1,000 $1,000 $1,000
Dickey 202,438 8,128 210,566 1,035
Lincoln School 16, 265 480 16, 745 63
Passamaquoddy 541, 881 40,170 582,051 1,912
Trans, System 84,492 2,535 87,027 576
Total 845,076 51,313 896,389 3,586

The results of the cost allocation are summarized in Table 8-5,

and the basic allocation is shown in Table 8-6.
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TABLE 8-5 SUMMARY OF PROJECT COST ALLOCATION

Int. During
Project Purpose Construction Construction OMER
Power $751,077,000 $45,215,000 $3,505,000
Area Redevelopment 49,259,000 3,191,000 42,000
Recreation 43,887,000 2,844,000 38,000
Flood Control 853,000 63,000 ‘ 1,000
Total Project $845,076,000 $51,313,000 $3,586,000
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TABLE 8-6 C€OST ALLOCATION
PASSAMAQUODDY-DICKEY POWER DEVELOPMENTS

Project Functions - .
Item Area ' Flood P:gF:it
' Power Redevelop.] Rec. Control Frod
51,000 31,000 $1,000 51,000 $1,000
Costs to be Allocated
Construction 845,076
I.D.C., ¥ 51,313
OM&R 3,586
Annual Equivalent Values
Benefits 42,511 2,278 2,030 40 46,859
Alternative Costs 31,956 * % % ¥ ¥ -
Justifiable E:penditure 31,956 2,278 2,030 40 36,304
Separable Costs
Construction 14,982 - - - 14,982
1.D.C. 863 - - - 863
OM&R 32266 = - - 32266
Total 19,111 - - - 19,111
Remaining Justifiable Exp. 12,845 2,278 2,030 40 17,193
Percentage (74.71) (13.25) (11.81) (G.23) {(100.00)
Remaining Joint Costs:
Construction 3,789 1,559 1,389 27 11,764
I.p.C. 568 101 90 2 761
OMER 239 42 38 1 320
Total 9,596 1,702 1,517 30 12,845
Total Allocated Costs
Construction 23,771 1,559 1,389 27 26,746
I.D.C. 1,431 101 90 2 1,624
OM&R 3,505 42 38 1 3,586
Total 28,707 1,702 1,517 30 31,956
Summary of Allocated Costs
Construction 751,077 49,259 43,887 853 845,076
I.D.C. 45,215 3,191 2,844 63 51,313
OM&R 3,505 42 38 1 3,586

* Interest during construction, 3% per annum.
** Cost of alternative exceeds bHenefits, hence the
Justifiable expenditure is limited to the benefits.
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f. Repayment

Reimbursable Costs

The construction costs and interast during construction allocated
to power is $796,292,000 and is assumed to be fully reimbursable
with intarest. For fiscal ycar 1964, the applicable interest rate

is 3 percent per annum.

The balance of the project construction costs and interest duriﬁg
construction, $100,097,000, is assumed to be nonreimbursable,
Under existing statutes, costs allocated to flood control are
nonreimbursable. It is proposed that the costs allocated to area
redevelopment and recreation be authorized as fullly nonreimburs-
able. However, if the costs allocated to recreation were made
nonreimbursable only within the limits established in the proposed
Bill, H. R. 9032, only $26,256,000 of the construction costs -and
$1,701, 000 of the interest during. construction allocated to

recreation would be reimbursable.

Power Repayment

Power payouat studies for the potential Passamaquoddy-Dickey power

development were made to determine the rates at which the power
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would have to be marketed to achieve reimbursement of the power
investment costs in 50 years., The power payout studies disclosed
that power rates as shown below would be adequate to achieve repay-
ment of the total power investment, including the transmission
system, in 50 years after each unit becomes revenue producing.
Moreover, the power payout studies disclosed that the rates would be
adequate to achieve repayment of the power investment allocations
for each stage of the development within its own 50-year repayment

period.

The at-market power rates used in the power payout analysis are:
ENergy . . « v « « v v v v v v v . ... 3.0mills/kw-hr

-

Dependable Capacity . . .. ... ... 19.75/Kw
An annual revenue credit of $2 million for downstream generation in
Canada was assumed in the power payout analysis for planning
purposes only. However, unlike the analysis prepared for the July

1963 report, no credit was taken for wheeling revenues in the current

power pavout studies.
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COMPARISON OF DICKEY AND PASSAMAQUODDY-DICKEY
PROJECT COSTS WITH A FEDERALLY FINANCED
STEAM ALTERNATE

The following cost estimates and comparisons were made to
determine the cost of an equivalent quantity of power provided
by the project, if generated from comparably financed (Federal)
conventional steam plants,

Item : Annual Project Costs Alternate Costs-Steam

Federally Financed Federally Financed
Total Adjusted Total

760-MW Dickey

plus 34-MW 1/

Lincoln School $11,162, 000  $10, 713, 000—  $14, 645, 000

500-MW

Passamaquoddy 2/

plus 760-MW Dickey $31, 956, 000  $27, 608, 000— $26, 231, 000
and 34-MW Lincoln
School

1/ Annual cost less flood control benefits of $40, 000 annually
and Area Redevelopment, $409, 000 annually.

2/ Annual cost less flood control benefits of $40, 000 annually,

Recreation $2, 030, 000 annually and Area Redevelopment
$2,278, 000 annually,
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CHAPTER IX

MARKETING

A project is valuable only to the extent of the need and demand of
the goods or services produced. With this principle as a guide, the
Passamaquoddy-Dickey project functions were evaluated. This
discussion is directed to the major revenue producing feature -
Power. Flood Control, Area Redevelopment and Recreational

Benefits are discussed under other chapters of the report,

The D_epartment of the Interior's Load and Resources Study, dated
December 1961, recognized the merits and made the initial proposal
for the Passamaquoddy Tidal Power Project operating primarily

as a peaking powerplant to supply a large market area. These
conclusions were based on a review of the International Joint
Commission's Report of April 1961 and studies utilizing data obtained
from the Washington and Boston offices of the Corps of Engineers,
U.S. Army, the Washington and New York offices of the Federal
Power Commission, and the headquarters office of the New Brunswick

Electric Power Commaission at Fredericton, New Brunswick.

The market area selected in the current studies embraces the

New England States and the Maritime Provinces of Canada. The
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division of power will depend upen the agreements reached with
Canada for construction of the project. In these studies, it is
assumed that the additional power produced as downstream
benefits will be marketed by the New Brunswick Electric Power
Commission and all the other power will be marketed by the

United States.

a. Load Studies

The Federal Power Commission Advisory Commeittee Report

No. 13 forecast the electric utility power requirements in

New England to the year 1980. It indicates that the State of Maine
will experience a peak demand of 1, 750 MW in 1980, with an energy
requirement of 9, 6 billion kilowatthours anhually. The balance

of New England, less the State of Maine, would have a peaking
requirement in 1980 of 18, 700 MW wifh 95 billion kilowatthours

of associated e11efgy.  The load growth and generation required

to meet the peak loads are shown in the following tabulation.
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NEW ENGLAND I.OAD GROWTH AND RESOURCES
FEDERAL POWER COMMISSION AND
EDISON ELECTRIC INSTITUTE DATA

1960 1965 1970 1975 1980
. ' Megawatts '
Maximum Demand
PSA 1 (Maine) 565 800 1,010 1,350 1,750
2 (Mass,., Vt., 5,616 7,90¢ 10,400 14,050 18,700
R.I1, * Conn., » .
N, H.)
6,181 8,700 11,410 15,400 20,450
Installation required
(15% Reserve) 7,280 10,000 13,200 17,700 23,600
(Actual) :
Installed Capacity - MW
December 31, 1963 7,958

Additions Planned thru 1967 - Taken from Edison Electric
Institute Publication No, 63-65 dated October 1963

Bangor Hydro

Boston Edison

Central Maine Power.
Conn. Light & Power
Connecticut Yankee
Hartford Electric Light
New England Power Co,
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29
395
125
172
460

235
496
1,912

+ 1,912
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b. Characteristics of Power Markets

The growth of utility power markets in New England and New
Brunswick, as in the rest of the United States and Canada, is in-
fluenced by a number of economic and technological factors. These
include growth of population and households; expansion of indus-
trial production; growth of activities associated with service,
trade, and professional establishments; greater application of
known proéeeses and devices using electricity; and the develop-
ment and introduction of new uses for electricity in the home,
industry, and other fields, Under the impact of these influences,
the utility markets have grown steadily over a long period, The

growth of these markets is expected to continue in the future.

At present there are 31 electric utilities operating in the State

of Maine and 126 in the remaining New England States. In Canada,
the principal utilities are the New Brunswick Electric Power
Commission, the Nova Scotia Power Commission and the Nova

Scotia Light and Power Company, Ltd.

The load shape forecast for New England, based on Federal
Power Commission data projected for 1980, is indicated on the

following chart:
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This shows the predominantly high peak loads which must

be met and indicates thel poténtial for sale in- excess of one
million kilowatts for a peak of two hour's duration. This is
prredicated on load growtih based on current expansion factors
and does not take into.ac'_count the economic impact of the

project on the area,

Since the project's tctal capacity of 1,294-MW will provide
2.94 billion kilowatthours of energy annually, the project
has 2,274 kilowatthours associated with each kilowatt of
generating capacity. The cost associated with kilowatt of

capacity would be as follows:

Passamaquoddy-Saint John

FEDERAL
Capacity $l9. 75
Energy 6. 82
Total $26,57

Thermal (Fossil Fuel)

PRIVATE
Capacity $27.70
Energy 6. 82
Total $34.52
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Nuclear

PRIVATE
Capacity $30.89
Energy 4.09
Total $34,98

Pumped Storage
FPRIVATE

Capacity $30.00

Energy 13,64
Total $43, 64

c. Power Costs

The power studies indicate the followirg comparison of the cost
of peaking capacity from various sources and attest to the market-

ability of the project's power (2 Hour Peak):

Federal Private Financing
Quoddy - Fossil Conventional
Dickey Fuel Nuclear Pumped Storage
Me. N. H.
Capacity
$/Kw 19.75 27.70 30.89 25.32 28,18
Energy 1.56 1.56 0.94 1.66 1,64
21.31 29,26 31.83 126,98 29.82
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d. Marketing Policy

In marketing the electric power generated at the project the
Secretary of the Interior shall transmit power and energy to
Canada in accordance with agreements reached, and the remain-
ing power will be sold in the United States in such a manner as

to encourage the most widespread use thereof at the lowest possible
rates consistent with sound business principles. The Secretary

of the Interior shall prepare rate schedules having regard to the
recovery of the cost of producing and transmitting such electric
energy, including the amortization of the capital investment
allocated to power, over a reasonable period of years. Preference
in the sale of such power and energy shall be given to public bodies

and cooperatives,

All moneys received from sales of electric power and energy

s.hall be deposited in the Treasury of the United States as
miscellaneous receipts, Downstream benefits provided by the
projects and received in the United States from Canadian authorities
in the form of power and energy shall be received, transmitted

and disposed of by the Secretary of the Interior.
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CHAPTER X

POWER COSTS BY ALTERNATIVE MEANS

The Passamaquoddy-Upper Saint John Project is singularly unique
in its potential fc;,tr providing immediate benzficial economic im-
pact and sustained economic benefit for the pecple of seriocusly
distressed areas of Maine and New Prunswick--azeas which
compdre to any other region in both.countries .'m the roots and

consequences of prolonged poverty.

For the first time in history, this imaginative and conclusively
demonstrable economic water resource development will provide
Canada, the United States, and the World with full-scale generation
of electric power from the tides of the ocean, In addition, it will
encompass comprehensive development of an important international
river in the Northeast, an unparalled international recreational
attraction, and significant and continuing new employment oppor-

tunities directly and indirectly,

Power, however, is a major feature and function of the project.
From this source comes the revenues which must repay the basic

cost of natural resource development, as well as the costs of
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operation, maintenance, replacement, and interest--the require-
ments of Federal policy and Congréssional"directive for water

resource development.

In order to‘evalu;ate properly the value of power from the
Passamaquoddy-Upper-S'aint John Projeét, é comparison of the
cost of power generated by likely alternative sources, in con-
junction with due regard for their alternate merits and demerits,

must be considered,

The first, and more probable équ.iv.alent' alterhétive, v@-ould be a
modern steam generating plant fired by fossil fuels and operated
to provide equivalent power. The cost estimates for such plants,
Federal or nén-Fedefal, wcr'e furnished by the Federal Power
Commission. The econbmic studies and financiél analyses in

this report were made on this basis.

Estimates were also made of the cost of generating power from
gencrating plants located in the New England arca, with transmission

to the Boston area.

Although it was recognized that conventional hydroelectric power-

plants, jet engine peaking plants, gas turbine peaking plants,
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steam topping units or dlesel engines are also peaking power sources,
the Advisory Board concluded that for the purpose of evaluating
power of the magnitude, and characteristic of flexibility and
perpetuity of the Passamaquoddy-Dickey Project, it would be
sufficient to restrict the comparison to thermal plants, both

fossil fuels and nuclear fired, and conventional pumped storage

plants.

This decision was made by the Board on the basis that these other
alternative sources could not provide peaking powér on the magnitude
offered by the Passamaquoddy-Saint John River Project, either on

a historical basis in New England in case of conventional hydro-

e lectric power or by long—te-g;;n operating experience in the case

of other alternatives mentioned above.

a. Thermal Power - Fossil Fuels

The Federal Power Comrﬁission furnished the following
values for the project's power delivered to load centers
in the Maine and Massachusetts areas--the logical
markets. These power values include the generating
cost, plus the cost of a step-up substation to a high

voitage transmissicn system.
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PRIVATE FINANCING

Massachusetts

Unit Size - MW 325
Capital Cost $/Kw

Generation _ 150

Step-up Transmission . 8
Fixed Charges ' 12.12%
Capacitgl( Costs $/Kw 24,178
Capacity Value Adjustment

Percent 5

Amount $1.24
At-Market Capacity Value $/Kw 26,02
At-Market Energy Value-Mills/Kwh 2.79
Composite Value for Area

Capacity - $/Kw 27.70

Energy-Mills /Kwh 3.0

Maine

100

180
12

13, 42%

28,10

$1.41
29,51

3' 3l

The comparable composite values on Federal financing of a similar

modern steam plant are $13. 90 per kilowatt for capacity and 3 mills

per kilowatthour for energy, based on the current Federal rate of

3% interest. -

b. Nuclear Power

The Atomic Energy Commission supplied cost estimates

for nuclear powerplants which could provide power
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roughly equivalent to that which wonld be generated by
the Paséamaquoddy-Dickey project. The comparison
recognized the fac:t th;_i; nuclear powerplants, as in the
case .;'xf thezz;hal powerplants using conventional fuels, are
essentially b_a-selload plants. Thus, when operating as a
peaking powerplant such as is envisioned from the
Passamaquoddy-Upper Saint John Project, the full
ec;)nomic potential for nuclear energy generation is not
realized, However, with fhis recognition, the capacity
and energy costs were furnished by the Atomic Energy
Commission for units of 625-MW, 430-MW, and 300-MW
capacity using light water reactors. To these costs which
are noted on the following table the costs of the step-up
substation were added to provide costs at the high voltage
bus. Thus, the costs are comparable to the estimates by

the Federal Power Commission for fossil fuel plants.
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PL

CAPACITY AND ENERGY COST OF NUCLEAR POWER
LIGHT WATER REACTOR

Private Financing Federal Financing
Unit Size ‘ 76'25-M.w 430=-Mw . 300-Mw 625 ~-Mw 430 =-Mw 300-Mw
Investment $/KW 130 - 150 185 130 150 185

Annual Capacity Costs Dollars Per Kilowatt-year

1, Fixed Charges on Plant 17.6 20.4 25,1 7.0 8.1 10.0
2. Fuel Stock Investment 2.6 2.6 2.7 0.8 0.8 0.8
3. Fixed Operating Cost
(Oper., Maint., Adm.,
and Ins,) 3.4 3.5 3.6 3.4 . 3.5 3.6
Total Generation 23,6 26.5 31.4 11,2 12.4 14.4
Step-~Up Transmission 1,2 1.4 1.5 1,2 1,4 1,5
Total at High Voltage Bus 24.8 27.9 32.9 12,4 13,8 15.9
Variable Operating Costs Mills Per Kilowatthour
1. Energy Fuel 1.40 1.45 1.50 1.40 1.45 1,50
2, Operation & Maintenance 0.20 0.25 0,30 - 0.20 0.25 0.30
Total Variabie 1.60 2,70 1.80 1.60 - 1,70 1.80
Percent Percent
Cost of Money - 6,25 Cost of Money 3.0
Depreciation, 35 yr.S.F, 0.85 Depreciation, 35 yr. S.F, 1.65
Interim Replacement 0.35 Interim Replacement ' .35
Property Insurance 0.40 Property Insurance .40
Taxes {Fed, »3.33~5tate & Loc, 2.39 5,72 Total "';2'6'—

Total 13,57




c. Pumped Storage

The Passamaquoddy-Dickey Project contemplates delivery of
peaking power to meet a peak of two hours' duration in the
Boston, Massachusetts area. Studies were made to determine
the cost of providing peaking power in this area by cci__nstruction
of pumped storage plants and the necessary tr'ansmisé‘sion

facilities, under both private financing and Fedéfal finan-

_cing.

.The Federal Power Commaission supplied information on
several pumped storage sites, The Bureau of Reclamation
prepared estimates of the cost of pumped storage developments
at these sites, The results of the studies are shown on the

attached table for the following possitie plants:

Rowe Pumped Storage Powerplant {Maine)

This powerplant site is located near Bingham, Maine. It
would utilize the Rowe Pond for a forebay and the Kennebec
River as an afterbay. The average Static head is 775 feet,
Insta}lcd capacities of 250-MW and 500-MW were considered,
Based on 85 percent effic_:iem;y. it wouid be necessary to use

4,500 c. f. 5. with a 250-MW plant and 9,000 c.f. s. for a
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500-MW plant. To provide for two hours of peaking, 750 acre-
feet of storage would be required for the 250-MW plant and
1,500 acre-feet for the 500-MW plant. The cost estimates

include the cost of a forebay structure.

Woodstock Pumped Storage Powerplant (New Hampshire)

This pumped storage powerplant would be located near
Woodstock, New Hampshire, The information submitted by
the Federal Power Commission indicated that this plant would
have a head of 960 feet aﬂd an installed capacity of 800-MW,
Examination of the quadrangle sheet in the vicinity of Elbow
Pond indicated that it would not be possibie to develop enough
storage to prm}ide that head. Estimates were therefore made
by proportionately reducing the installed capacity from 800-MW
to 670-MW and the ratio of 2 head of 960 feet to a head of 800
feet. A flow of 11,690 c.f. s. and storage capacity of approx-
imately 2,000 acre-feet would be required to meet a two hour
peak. The estimates include a dam on Elbow Pond and a dam
on the Pemigewasset River for an afterbay structure, The
estimates provide for relocations that would be required in

the afterbay structure,
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Mt. Tom Pumped Storage Powerplant (Massachusetts)

Thisg site is located on the Connect‘i.cut River near Holyoke,
Massachusetts. The head on this powerplant is estimated to
be 490 feet for an installéd capacity of 400-MW. The flow
required would be 11,400 c.f. 3. and about 1,900 acre-feet

of storage would be required to provide two hours of peaking.
The cost estimates for this plant include an afterbay structure

on the Connecticut River,

Pumped Storage Operation

It must be recognized that pumped storage is an energy-
conversion device and not an energy-creating device., It acts
much the same as a storage battery. Electric energy maust
be supplied for pumping water from a lower level to a higher
level during periods of excess energy on the transmission
system. In fact, it requires three kilowatthours of energy
to produce twc kilowatthours by pump storage. Thus, power
is generated during peaking periods by releasing water
through generators from the higher level to the lower level.
The operation of pumped storage presupposes a source of
low~-cost dependable power or self-contained energy for

pumping during off-peak periods.
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In the case of alternative pumped storage pr.ojects in New
England and in specific comparison to the Passamaquoddy-~
Uvoper Saint John Project, the availability of other- sources

of low-cost offpeak power or self-contained power is a
definite consideration. None of the three alternate pumped
storage projects have the adv.rantage of Passamaquoddy's
self-lcontained source of offpeak iow-cost dependable power,
Furthermore, pumping at this project wili be nécessary only
for very short periods during any given month when minimum
tides occur, rather than daily, thus, requiring only nominal

amounts of energy. -
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PUMPED STORAGE

SELECTED SITES IN NEW ENGLAND
RECONNAISSANCE ESTIMATES

SUMMARY
Rowe Woodstock Mt, Tom
(Me.) (N.H.) (Mass.)
Installed
Capacity 250-MW 500-MW 670-MW 400-MW
Capital
Cost $/KW 144 135 150 196
PRIVATE FINANCING
Geﬁeration
$/KW-yr 22,44 21,55 23,28 32,91
Transmissidn 14,22 9.29 3.70 3.35
TOTAL -
FEDERAL FINANCING
Generation _
$/KW-yr 9.74 9.35 9.92 11,79
Transmission 4.87 3,35 1,27 1,00
TOTAL - |
14.61 12,70 il.1 12,
$/KW-yr 7 9 79

2 Hour Daily Peak ~ 5 days per week
Energy assumed to be available at 4,0 mills per kilowatthour
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Analysis of Alternatives

Economic analysis alone precludes all privately financed
fossil fuel, nuclear, or pumped storage projects as an
alternative to the Passamaquoddy-ﬁpper Saint John River
Project. In no instance of feasible alternatives can privately
financed electric generation provide an equivalent amount of
power at a lower cost., The economic alternatives are as

follows:

a, Federal Steam Plants, The charges of $13.90 for capacity

and 3 mills for energy are less than the equivalent cost for

the Passamaquoddy-Upper Saint John River Project. However,
no legislative authority exists for the Corps of Engineers or
the Department of the Interior to construct or operate con-

v entional steam plants in the continental United States; nor
has the Ccngress elected to adopt such a policy. In. any
event, this alternative offers no development of regional
water resources as specified in Senate Document 97, 87th
Congress; nor does it provide any significaﬁt area redevelop-
-ment or outdoor recreational benefits comparable to the
Passamaquoddy-Up.per Saint John River Project.. And, in

the analysis, a Federal Steam plént so operated would be
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inefficient in providing power such as that available from

the Passamaquoddy-Upper Saint John Project.

b. Federal Nuclear Power. A Federally financed and operated

nuclear powerplant could again under certain conditions supply
power of the same magnitude at a lower cost, However,
legislative history provides conclusively that the Congress
does not envision wholly-financed and wholly-operated Federal
nuclear plants. Furthermore, a Federal nuclear plant would
not result in any water resource development, flood control,
river regulation, area redevelopment, or outdoor recreational

benefits,

Again, as in the case of a Federal steam plant operating on
fossil fuels, a Federally owned and operated nuclear power-
plant would have to be operated uneconomically to provide

equivalent power.

c. Pumped Storage. Federally constructed and operated

pumped storage projects could produce equivalent peaking
power at a lower cost than the Passamaquoddy-Upper Saint
John River Project. Furthermore, under the Flood Control

Act of 1944, and under subsequent interpretation and practice,
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the Federal Government could conceivably construct such

projects upon congressional authorization.

' This alternative suffers in that none of the three alternate
pumped storage sites have a source of dependable low-cost power
a vailable from an independent entity nor do they have the capa-
bility of self contained power for pumping. Also, a pumped.
storage project would need outside power daily while
Passamaquoddy is dependent upon offpeak generation for

pumping for only a few days each month. Nor does pumped
storage offer equivalent benefits in water resource develop-
ment, flood contrel, river regulation, area redevelopment,

and outdoor recreation,

Summary of Alternatives,

None of the three economic alternatives--Federal steam,
Federal nuclear, or Federal pumped storage--offers the
equivalent in new employment and sustained economic

opportunity.

Also, intrinsic in the Passamaquoddy~-Upper Saint John
River Project is the concept of an international intertie

between the United States and Canada in the Northeast
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whereby ;he full economic potential of each nation could be
fully realized to mutual maximum benefit. Ignoring. the other
inherent limitations of alternatives, the full development of
‘water resources--a national goal--would be retarded through

adoption of other economic alternatives,

There is no alternative to Passamaquoddy to conserve the
ever-wasting energy of the tides and putting it to beneficial

use.

In the ensuing years, the Department of the Interior is convinced
that, in New England, the development of pumpea storage, con-
ventional hydroelectric power, modern steam generation, and
nuclear plants~-whether public or private--will be required.
New capital investment by private industry in base-load plants

will be absclutely essential,

We are equally convinced that the Passamaquoddy-Upper Saint

John River Project is a first and necessary step toward vitally
needed economic rejuvenation for people whose ancestors did

so much to help frame our national heritage,
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PERTINENT DATA

TIDAL POWER PROJECT

Location

Passamaquoddy Bay and Cobscook Bay, in New Brunswick and Maine.

High Pool

Passamaquoddy Bay, New Brunswick and Maine; Area, sq. mi. 101
Low Pool

Cobscook Bay, Maine, and Friar Roads, New Brunswick; Area,

5Q. Mmie 41
Powerhouse

Two separate 50-unit plants. Powerhcuse No. 1 located in Carrying-
place Cove, Maine; Powerhouse No. 2 located in Bar Harbor, Maine.
Each with fifty 300-inch diameter adjustable-blade, adjustable-gate,
propellerstype, inclined~axis turblnes, speed 45 r.p.m. connected
through a speed increaser to 10,000-k.w., 13,800-volt, 3-rhase,
60=cycle generators turning at 450 r.p.m.

Dams

Earth and rockfill type

Total length, ft. 35,700
Max. height, ft. 315
Crest elevation, ft., MeSels 25

Filiing and Emptying Gates

Ninety 30- x 30~-foot vertical-lift, suimerged vetturi filling
gatese Seventy 30- x 30«foot vertical-~lift, submerged wventuri
emptying gates.



Navigation Locks

Head Harbowr Passage, fte

Western Passage, ft.
Iittle Letite, fts
Quoddy Roads, ft.

Principal Quantities

50~Unit Development (incl.

Dams = cu, yds.
Coffardams

Steel sheeting - tons

Dikes

Waste from excavation

Concrete

- CU. ydSe

Steel, reinforcing ~ tons
Steel, structural - tons

50«Unit Power Plant Noe. 2,

Cofferdans

Steel sheeting =~ tons

Dikes

Waate from excavation = cue yds.
S - CU, yds.

Steel, reinforcing - tona

Steel, structural -

Concrete

Location

Saint John River, Meine, 300 miles above mouthe.

Streamflow

= Cls ydSe

tons

DICKEY PROJECT

Average ammual runoff, acre=feet.
Maximum discharge, Cefese
Minimum discharge, Ce.fe.8e
Average discharge, CefeSs

gates and locks)

- CUe ydse
= cie yde

increment

his x 60 x 21
hs x 60 x 23
95 x 25 x 12
95 x 25 x 12

53,000,000

62,000
11,000,000
1,500,000
1,700,000
82,000
190,000

11,000
3,500,000
145,000,000
950,000
47,000
10,000

3,331,000
71,700
129
4,600



Reservoir

Drainage area, sQe. mi,

Maximum operating level, ft., msS.l,
Limit of drawdown, fte, meSels

Usable storage, acre-feet

Total storage, acre-feet

Area, at maximum operating level, acres

Main Embankment
Crest length, ft.

Maximum height, fit.
Top elevation, fte, Nedsle

Spillway
Crest length, ft.

Crest elevation, ft., mesele
Design discharge, Cefes.

Iow Level Qutlets

2,725

910

870
2,900,000
8,080,000
88,600

9,200
3ho
925

500
910
50,000

Two 24=foot diameter tunnels controlled by four $0«inch fixed-cone

dispersion valves.

Powerhouse

Irdoor type, concrete. Eight Francis-type, vertical-axis turbines,
average head 293 ft., direct-connected to 95,000 k.w., 13,000-~volt,

3-phasa, 60=cycle generators turning at 128,56 repem.

Principai Quantitles
Rock and earthwork, cue yds

Concrete, cu. yde _
Reinforecing steel, tons

LINCOLN SCHOOL PROJECT

Location
Saint John River, Maine, 289 miles above mouth.

5

65,000,000
500,000
20,000



Streamfiow

Average annual runoff, acre~feet
laximum discharge, cefese
Minimun discharge, cefese.
Average discharge, CefesSs

Reservoix

Drainage arez, sq. mi.

Mextimum operating level, ft., mes.ls
Limit of drawdown, fte, MmeSels

Usable storage, acre-feet

Total storage, acre-feet

Area, at maximum operating level, acres

Main Embankment
Crest length, ft.
Maximum height, ft.
Top elevation, ft., m.sS.l.
Spillway
.. Fowr 30~ x 4O0-~foot taintor gates

' Crest elevation, ft., mes.l.
Design discharge, cefess

Powerhouse

L15981,000
101,000
29

6,880

L ,086
605
597

16,000
52,500
245200

575
92,500

Indoor type, concrete. Two XKaplanetype verticale-axis turbines,
average head 61 feet, direct conmected to 17,000-kK.w., 13,800-volt,

3=phass, 60=cycle generators tuwrning at 138.5 repem.

Principal Quantities

Rock and earthwork; cue yde
Concrate, cu. yde
Reinforcing stesl, tons

2,200,000
85,000
k4,000



CHAPTER I
INTRODUCTION

1-01 AﬁTHORITY

At Eastport, Maine, the large tidal range has long intriguéd ob=
servers as a matural resource that could be used for the development of
electric power, There are two large natural tidal bays that are con-
nected by water passages between a string of islamds which stand bhetween
the bays and the open ocean. Passamaquoddy Bay, the larger of the two,
is mainly located across the international boundary in Canada while
Cobscook Bay lies entirely in the United States. By connecting the
islards with a series of dams in designed pattern separate tidal pools
can be fomed and water elevations regulated to maintain the pools at
different levels. If a powerhouse is placed between the two pools and
water pemitted to pass from the higher to the lower the induced head
differential will produce power,

The development of tidal power at Passamaquoddy has been studied
pericdically simce 1919 by both private and public engineers. The most
comprehensive report undertaken was that of the International Joint
Commission completed in April 1961 after three years of study and a
cost of three million dellars. The project was developed as a two pool
scheme interconnected with a poweyplant that would operate continucusly
but with varying output. The powerhouse was a 30-unit plant with verti-
cadl axis turbine and generator units with a capacity of 10,000 kilowatts
each, The Commission found the project not economically feasible under

the then existing conditions,



In early July 1963, as a result of an earlier request to review the
I.J.C. report to ascertain whether developments in engineering techniques
and/or economic conditions would make the project feasible, the Secretary
of the Interior presented to President John F. Kemmedy a report on "The
International Passamacuoddy Tidal Power Project and Upper Saint John River
Hydroelectric Power Development," This report proposes to use the power
output to meet the demand for peak power in the New England area, and when
coupled with the advancement in engineering techniques and int;grated with
a hydroelectric plant on the Upper Saint John River would maks the project
economically feasible. The same structures were used for the tidal pro-
ject, except for the powerhouse where an inelined axis turbine was substi-
tuted for the more conventional vertieal axis turbine. From the studies

made of power potential, it was proposed that an uwltimate installation of

- 100=10,000 kilowatt units could be installed at Passamaquoddy. Integra-

"iggﬁrwith another source of power is necessary since tidal output varies
with the tide range, a minimum occurfing about every two weeks at periods
of neap tides when the available head is lowest., In order to supplement
and maintain power output at these periods an auxiliary hydroelectric

. plant with an ultimate capacity of 750,000 kilowatts would be established
on the Saint John River at Dickey. The Dickey Dam site was selected by
the Department of the Interior in lieu of the Rankin Rapids project con-
sidered by the I.J.C. in order to preserve the recreational values of the
Allagash River. Integraﬁed operationhéf the two plants would agsure de-
pendable peaking capacity of the planned magnitude of 1,000,000 kilowatts

and 250,000 kilowatts capacity at 60 percent load factor for energy output.



On 16 July 1963, the President directed the Departments of the
Interior and Army to proceéd immediately with such additional studies
and plans as are necessary and that the studies be coordinated in all
respects by the Secretary of the Interior. Pursuant to this general
understanding, Lieutenant General W. K. Wilson, Jr., the Chief of
Engineers, by letter of 29 July 1963, proposed an eight-member Army-
Iinterior Advisory Board on Passamaquoddy and Upper Saint John River,
with four representatives from each agency. The purpose of the Board
is to advise and guide both field agencies in their preparation of
additional studies, plans and reports to supplement the July 1963
report to the President by the Secretary of the Interior on the Inter-
national Passamaouoddy Tidal Power Project and Upper Saint John River
Hydroelectric Power Development. By letter of 30 July 1963,

Mr. Kenneth Holum, Assistant Secretary, Department of the Interior,
agreed to this procedure. The Board was later increased to fourtéen :
members by adding representatives from the Federal Power Commission,
Department of.Commerce, Bursau éf Budget, Office of Science and Tech-
nology, Council of Fconomic Advisors, and the Atomic Energy Commission.

Membership of the Board is given in Appendix I.

1-02 SCOPE OF ENGINEERING STUDIES

The division of wérk between the Corps of Engineérs and the
Department of the Interior, as indicated by the initial agreement be-
tween the agencies and confirmed by the Advisory Board, was to the

effect that power studies, power transmission, marketing, benefits,
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and other economic aspects of the project would be the responsibility
of the Department of the Interior and that the development of the
physical components, other than transmission lines, would be the re-
sﬁonsibility of the Cé&ps. The detailed englneering studies and
requisite field work wefe te be performed by the Divisiecn Engineer,
New England Division, Waltham, Massachusetts.

The studies undertaken for this report to attest to the engi-
neering feasibility and soundness of the engineering structures of
this project were as follows:

a. Geologic Investigations and field explorations at the
sites of all structural components,

b. Field surveys.

¢. Hydrologic investigatioﬁs of the Saint John River.,

d. Layout and design of facilities for powerplants at Passa-
maquoddy; power dam and closure dikes at Dickey; and reregulating
and power dam at Lincoln School.

eé. Studies of use of inelined axis turbines at Passamaquoddy
in cocperation with the Bureau of Reclamation.

f. Planning appraisal of all lands and damages for the entire
project.-

ge Cost estimates of facilities, except transmission facilities.

The layouts of the construction proposed and the cost estimates

for the entire project are presented in the following chapters.



CHAPTER II
SITE INVESTIGATIONS AND FOUNDATION CONDITIONS
PASSAMAQUODDY

2-01  GENERAL GEOLOGY

Bedrock of the project area includes sedimentary and ig-
neous rocks of upper Silurian age known as the Eastport Forma-
tion. The sedimentaries aye shales and conglomerates and the ig-
neous rocks are represented by rhyolitic and diabasic varieties
and assoclated volcanic tuffs, These rocks haye‘been mich folded
to present a complex distribution of alternatiﬁg beds of igneous
and sedimentary rocks.,

Prior to glaciation, the bedrock topography was subjected
to a long period of erosion featured by development of daep-stream‘
valleys. The land was greatly depressed by the advance of thick
glacial ice in Pleistocene time, and with retreat of the ice came
invasion by the sea. Since glaciation, full emergence has not been
attained and the pre=glacial stream valleys are partly drowned to
form the deep marine channels, while the numerous islands are high
areas of the old erosional surface.

The pre-glacial topography was slightly modified by move-
ment of the ice mass in the removal of the weathering mantle and
in the plucking and smoothing of the rock surface. More pronocunced
modification resulted from deposition of rock debris carried in and

on the ice. Materials that were deposited directly from the ice
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generally occur as a veneer over the rock surface in the form of
glacial till, a compact mass mixture of all sizes of rock and earth
materials, Coarse materials that were outwashed from the ice occur
as remnant deposits of sorted sands and gravels. The fine materials
that were outwashed to settle in quiet waters of the invading sea
occur as thick deposits of marine clay and silt, Sinee glacial time,
the outwash deposits exposed to sea attack have been reworked by
waves and transported by currents to form bars and beaches. Minor
deposition by streams has oceurred and peat has locally accumulated

in bogs and marshes.,

2-02 EXPLORATIONS

Investigations previously made over a number of years for
Powerhouse No. 1 and channels are sufficiently complete as to pre-
elude need for further exploratory work. These investigationms,
which include concrete aggregate studies applicable to Powerhouse
No. 2, are detailed in Report to the International Joint Commission,
1959, Appendix 2 - Geology, Foundations and Materials.

Previous subsurface explorations pertinent to the areas of
Powerhouse No. 2 and channels have consisted of the following:

a. Eight (8) scattered wash borings indieating elevation of
bedrock made for the Cooper Study of 192628,

b. Three (3) drive-sample and core borings made by the Corps
of Engineers in 1935 onlalignments of the Carlow Island and
Pleasant Point Dams.
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ce Marine geophysical exploration extending into a portion
of the tailrace channel in the viecinity of Spectacle Island, coop-
eratively made on a trial basis in 1951 by the Corps of Engineers
and U, S. Geological Survey.

Current explorations made for the purpose of this report,
specifically for Powerhouse No. 2, included geological reconnais-
sance on land and water and the drilling Qf two test borings re-
covering 2-inch drive samples and 2-1/8-inch diamater rock cores
made to investigate foundation and excavation conditions for the
powerhouse structure. Boring FD-1 was drilled and hydraulically
pressure-tested in rock to elevation minus 89.0 m.s.l. or slightiy
below maximum reguired depth of structure excavation. Although
this boring is located off the structure because of subsequent
adjustment in layout, the conditions encountered are considered
pertinent. Boring FD-Z2, which was made to establish depth to bed-
rock on the west end of the original layout for the‘powerhouse, is
now located nearly 1,000 feet southwest where it becomes more appli-
cable to excavation conditions in the tailrace channel. Other ex-
plorations consisted of 29 machine-driven probings to preliminarily
determine division of earth and rock materials to be excavated in
the headrace and tailrace channels, These probings were distributed
in water areas of the channels lacking in surficial and subsurface
data and were driven to below proposed grades or to refusals above |,
grades,

11 .



The locations and records of previous and current explora-
tions and the distribution of bedrock exposures for Powerhouse No. 2

are shown on Plate No. 4 entitled "Plan and Record of Explorations.®

2«03  STRUCTURE EXCAVATIONS AND FOUNDATIONS, POWERHOUSE NO,., 2

Ground elevations will vary from a few feet to nearly &0
feet above mean sea level on the powerhouse alignment. Structure
excavation will amount to over two million cuble yards, principally
rock, and deepest excavation will be about 14O feet in reaching
lowest invert of about 80 feet below m.s.l.

Overburden excavation will vary from a skimming to an esti-
mated maximum depth of 30 feet to reach the rock surface. Over
burden is principally glacial till with the major exception of the
mgrsh area along about the southeasterly third of alignment where
marine clay attains a thickness of 15 or more feet,

Reconnaissance geoclogic mapping and the rock cores recovered
from boring FD-1 indicate that rock excavations will principally
encounter igneous rocks, rhyolite and diabase in flows, sills and
dikes with subordinate occurrences of sedimentary rock (shale) and
tuffs (cemented volcanic fragments), These rocks singly or in
their various complex associations present no apparent problems as
to their competency for bearing heavy foundation loads. However,
the many contacts of rock types, occasional fault zones and the

presence of mumercus open and healed fractures ahd cracks may relate
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to problems of water pressures and inflows requiring grouting dur-
ing and after excavation, and to difficulties in producing any
close tolerances that may be required for precise or shaped sxcava-
tions. The fractured condition of the rock as recovered in cores
from the deep Test Boring FD=1 is pictured on Figure 1, and a
graphic record of tests for hole leakage using water under pres-
sure is shown on Plate No. 4. These tests indicate openness in
some zones by flows of up to 16 gallons per mimute under maintained

pressures of 20 to 50 p.S.i.

2-0  CHANNEL EXCAVATIONS

Excavations for the headrace and tailrace channels will in=
volve over 50 million cubic yards with a greater proportion in the
headrace channel where grade is constant at -40.7 m.s.l. Deepest
excavation, to =67,0 mean sea level and mainly in rock, will occur
in the beginning of the tailrace channel near tha southerly shors
of Moose Island.

Overburden of the land and islar s and their fringes is
glacial till, except for localized marsh sareas and clay deposits.
The overburden of the water areas is clay overlying the till which
veneers the rock surface.

All of the igneous and sedimentary rock types previously
discussed will be encountered., From available surficial and sub-
surface geologic data, it is preliminarily estimated that 50 per-

cent of channel excavations will involve rock.
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2-05 TIDAL DAM

A low tidsl dam would connect from the powerhouse westerly
across Bar Harbor to the Perry mainland, The elevation of bottom
near mid-channel is about =30 m.s.l. making maximum helght of em-
baniment about 50 feet. A single machine-driven probing near
this point shows about L feet of soft material, followed by in-
creasing resistance to venetration and a refusal indicative of
bedrock at -38,3 m.s.,1. Materials required for embankment construc-
tion amount to approximately L00,000 cubic yards and perhaps except
for special gravel requirements can be selectively obtained fram

required excavations for powerhouse and channels,
DICKEY DEVELOPMENT

2-06  GENERAL GEOLOGY

The wilderness area which comprises much of the Upper St.
John River basin in the United States, was not mapped topographically
until 1953. Geologic mapping has been only of limited reconnaissance
scope except for the published detailed investigations in the igneous
rock area at Deboullie Mountain, In the Canadian part of the upper
basin, detalled geologic mapping of correlative value is available
for the area bordering the St. Francis River in Quebec.

The upper S5t. John River basin iz a maturely dissected up-
land region which has been modified by glaciation. The headwaters
area is predominantly a region of low relief with wide, flat plains,

mostly swamps, and low, broadly domed hills with occasional, widely
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scattered monadnocks. Downstream from the headwaters of the reservoir
along the main river and throughout the Allagash and Little Black River
drainage sreas, the relief is greater and the topograply is rougher
with steep hills and narrow-crested, broken ridges rising above
generally narrow, trough-like valleys., Till consisting of vari-
able, gravelly, silty to clayey sand with cobbles and boulders,
deposited by the last glacier blankets the bedrock throughout
most of the region. The till is generally thin on the upper
slopes and crests of the hills and in these areas bedrock is occa-
sicnally exposed. The valley bottom and lower hillsides are gener-
ally deeply filled witﬁ till and omtwash left by the wasting gla~
cier. The outwash deposits composed of variable, roughly strati-
fied, silty sands and gravels occur in thick outwash plains in the
valley bottoms and extensive terraces on the lower valley walls.
Because the St, John River drains northward, it was dammed at suc-
cessive locations against the retreating ice front. In the slug-
gish pools thus formed, thick deposits of laminated fine sand,
silt and clay were laid down. As a consequence of the thick f£i11-
ing in the valley bottoms, the rivers now flow high above the deep
pre-glacial valleys in bedrock,and rock is exposed only in un-
covered bedrock spurs high on the old valley walls.

Bedrock throughout the basin consists of slaty shale with
local thin beds of sandstone and limestone. These Silurian sedi-

ments have been folded so that original bedding is largely obscured
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and slaty cleavage has developed sufficiently so that the shale in
many areas grades to poor slate. The only major occurrence of ig-
neous rocks in the upper basin is the syenite and granodiorite in
the viecinity of Deboullie Mountain.,

No occcurrences of mineral deposits of economic value have

been reported in the upper basin,

2-07 EXPLORATIONS

At the initiation of work on the Dickey project, reports of
all previous investigations on the upper St. John River were re-
viewed. The review included study of reports of sites at Lincoln
School, Rankin Rapids, Croas Rock Rapids and Big Rapids. Reports
of investigations by Canadian agencies at Glazier Lake on the St.
Francis River were also reviewed, Fileld investigations were made
initially for a designated dam alignment immediately downstream
from the Dickey highway bridge. At this location, hereafter dis-
cussed as the upper site, explorations consisted of a total of 11
borings including 3 borings made for the Dickey highway bridge by
the Maine State Highway Commission in 1950. Unfavorable foundation
conditions developed by these explorations led to investigation of
an indicated more favorable site approximately 1-1/2-miles down-
stream and just above the mouth of the Allagash River. Seven {(7)
borings were completed at this site for preliminary exploration of

foundation conditions, The locations of explorations and bedrock
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outcrops at both sites are shown on Plan of Exploration, Plate No.
11, Foundation conditions at the Fall Brook dike site were ex-
plored by 3 borings, and 1 bering was completed at the Hafey Brook
dike site, Subsurface exploratiors were not made at the Campbs i
Brook dike site or at the very remote minor dike sites.

Field surveys were made to obtain baseline profiles and to
establish boring locations at the upper and lower Dickey sites
and at the Falls Brook and Hafey Brook dike sites. All borings
were drive-sampled in overburden,and the bedrock, where sncountered,
was drilled with coring diamond bits. The classification of over-
burden samples and description of bedrock cores recovered from bor-
ings at the selected downstream damsite and the Falls Brook and
Hafey Brook dike sites are shown on Record of Explorations, Plate
Nos 1h.

2-08 SITE SELECTION

Explorations indicated that subsurface conditions encountered
at the upper site were not favorable for construction of a high dam,
As shown on Geologic Section, Plate No. 13, the very thick deposits
of soft silt and clay which occur throughout the valley bvottom, would
necessitate very flat slopes on the dam,and the relatively pervious
materials which occur to depths of more than LO feet would require a
deep cutoff and elaborate downstream draiﬂage. The very thick, rela-
tively perviocus materials in the left abutment extend to depths of

more than 150 feet below the valley bottom, meking cutoff impractical
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and control of seepage very difficult. Because bedrock is inac-
cessible in the left abutment and valley bottom, it would be neces~
sary to concentrate the diversion tunnels, penstocks, powerhouse
and spillway in a relatively limited area of the right abutment.

It was found by reconnaissance, which continued during the
exploration of the upper site, that at a lower site bedrock out-
crops occurred on the top and upper slopes of the prominént hill
immediately above the mouth of the Allagash River and at other lo-
cations along the Allagash River bank and the south side of the
valley as shown on Plan of Exploraticn, Plate No. 1l, On the
north side of the valley, a gully was found which formed a deep re-
entrant in the continuous pervious terrace deposits so that cutoff
to till is possible., In view of the feasibility of cutoff in the
left abutment and the availability of bedrock for structure founda-
tions at several locations, a dam alignment at this location, the
lower Dickey site, was finally selected. This selected site is

hereinafter designated as the Dickey damsite,

2-09  FOUNDATION CONDITIONS

a. Dickey Dam. In the valley bottom below the nominal
channel deposits of silty, sandy gravel, outwash consisting of
silty sand, sandy and clayey silt extends to a depth of approxi-
mately LO feet as shown on Geologic Section, Plate No. 13. Cut-
off through the river channel deposits and into the upper part of
the relatively impervious outwash materials is possible at reason-
ably shallow depths.
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Beneath the fine cutwash a zone of stratified silty sands and gravels
with scattered till lenses approximately 50 feet thick overlies the
basal till which extends to bedrock in the bottom of the valley at
depths of more than 180 feet below the river, The fine outwash de-
posits in the valley botiom extend up the left abutment in z dsep
gully to a height of more than 100 feet above the river, but through-
out the gully area the outwash is blanketed by up to 4O feet of till.
Upstiream and downstream adjacent to the gully the prominent terraces
on the abutment form vary thick deposits of silty sands and gravels
with beds of sandy'silt and zones of till. Above the terraces the
upper slopes of the abutment are blanketed with till, The fine-
grained outwash which occurs in the valley bottom also extends up
the right abutment of the river section to heights above the highway,
but again these materisls are blanketed by till with thin beds of
sand and gravel so that cutoff to relatively impervious material is
available at reasonable depths. Throughout the upper slopes of the
right abutment the till extends to bedrock at depths estimated at
about 30 feet.

On both abutments at the south section of the dam, the over-
burden is generally thin and consists of till composed of gravelly,
silty sand. Along the lower part of the left abutment, as shown
on Geologic Section, Plate No, 13, it is expected that the thick-
ness of the till cover increases to 40O feet or more and grades into

a more gilty, clay till. The bottom of the broad, flat valley is
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largely a peat bog with organic deposits estimated to bs about 10
feet in thickness. Underlying the organic material, stratified,
silty sands and gravels occur to estimated depths of 60 fest to
75 feet. Cutoff through these relatively pervious outwash ma-
terials can be made to the underlying till which extends to bed-
rock, Although some fine=grained soils occur in the foundation,
they appear to be dense and have relatively high shear strengths
and would permit relatively steep design slopes for the embank-
ment,

The bedrock is dark gray to black, relatively hard, slaty
shale, generally calcareous and locally graphitic. Thin sandstone
beds and occasional quartz stringers occur in the shale at widely
scattered localities. The trend of the conspicuous cleavage is
North uo° to 500 East. The dip of the cleavage ranges from ver-
tical to 70o West. The photograph on Figure 2 shows a typical
outcrop of the shale. Although the shale is generally hard, weath-
ering has commonly progressed along numerous open cleavage planes
and joints to depths of more than 10 feet and locally to more than
20 feet. In Boring FD-16 located at the intake area for the con-
duit tunnels, a thin zone of fault breccia was encountered at a
depth of 17,1 feet below the rock surface. Photographs of repre-
sentative bedrock cores from borings are shown on Figure 3.
Physical tests performed by others on similar rock from damsites

on the Canadian side of the St., John River show a specific gravity
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range of from 2.73 to 2,79 and compressive strengths for saturated
samples ranging from 8,330 psi to 10,380 psi.

Slaking tests performed on samples of similar slaty shale
from the Rankin Raplds damsite showed no significant breakdown
during 3L cycles of wetting and drying.

The alignment of structure excavations, spillway and tail-
race channels and diversion tunnels is nearly normal to the trend
of the bedrock structure. This favorable relationship of excava-
tions to the attitude of the rock structure will assist materially
in producing stable side slopes in open rock excavations and will
minimize overbreak in both open excavations and in the diversion
tunnels. Below the upper weathered zone the structure of the rock
makes it gensrally adaptable to application of line drilling or
presplitting where vertical slopes are reauired for structure ex-
cavations. In required excavations, some of which are up to 150
feet in depth, where structures are not involved, it may also
prove to be economical to producs vertical slopes rather than con-
ventional L on 1 slopes derending on refined estimates of rock
quantities required from excavations.

Bedrock is generally sufficiently deeply buried and
vlanketed with thick deposits of relatively impervious till so
that only a minor grouting program will be required. Provision
for grouting is advisable in the cutoff near the penstock intake
structure and in the vicinity of the spillway. Because of the

relatively low heads occurring at these high elevations, only shallow
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grouting would be required. On the abutments of the south section
of the dam where bedrock is exposed or close to the ground surface,
deeper grouting will be done as necessary to provide adequate cut-
off, In view of the character and condition of the bedrock, it is
expected that the quantity of grout "take® will be nominal,

b, Falls Brook Dike. At the Falls Brook dike site which

is the major remote dike, the overburden on the abutments is till
as shown on Geologic Section, Plate No. 13, On the left abutment
the till cover is very thin near the bedrock outcrops high on the
slope. On the upper slope of the right abutment, the till is also
thin,but the thickness of the till blanket increases down the abut-
ments to the deeply filled valley bottom,where the till rests on
bedrock at depths of more than 90 feet. In the valley bottom the
111 is covered by outwash consisting of silty sands and gravels
with minor lenses of till. The outwash is generally less than 10
feet thick,although local accumulations up to 25 feet occur. Cut-
off through the relatively pervious outwash deposits te the till
is therefore vossible at generally shallow depths. The bedrock is
the common slaty shale with characteristics similar to the rock at
the damsite.

¢. Hafey Brook Dike, At Hafey Brook Dike site the over-

burden on the right or east abutment is till generally about 10
feet in thickness as shown by boring FD-10, Although subsurface

information is not available in the valley bottom or west abutment,
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reconnaissance indicates that it is quits possible fer a deesply
filled valley in the bedrock to occur in this area, Immediately
north of the dike site there is an extensive outwash plain floored
with sands and gravels. If a deep buried vallsy does cccur at
the site, it is probably filled with similar sands and gravels.,
Bedrock encountered in the boring at the site is andesite
with scattered quartsz stringers and shale inclusions. The bedrock
exposed in extensive outcrops immediately south of the site is
slaty shale.

de Campbell Brook Dike. The overburden con the sabutments

at Campbell Brook dike is till., It is assumed that the organic
materials, probably superficial in depth which occur in the valley
bottom, are underlain by thin deposits of sand and gravel resting
on tille

Bedrock was not found outeropping in the vicinity of the
site, Outcrops on the valley wall south of the site, however,
indicate that the bedrock is the regional slaty shale,

o Blue Brook Dike and Cunliffe Brook Dike. These re-

mote minor dike sites have not been visited, It is assumed, how-
ever, that the overburden on the abutments at these locations is
till, Superficial organic deposits probably occur in the valley
btottoms overlying till. Bedrock at the sites is assumed to be

the regicnal slaty shale.
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2~10 EMBANKMENT AND FOUNDATION DESIGNS

a. Dickey Dam. Typical sections of the embankment for
Dickey Dam, designed for maximum utilization of avallable materials,
are shown on Plate No. 7. The section design provides for a mini-
mum core section composed of glacial till, flanked by large rela-
tively pervious zones. The large pervious zones not only enables
full utilization of the more economically available earth borrow,
but permits earth placement to be carried out over a longer con-
struction season than possible with moisture sensitive materials.
Also the internal design can be modified considerably in final de-
sign to suit the characteristics of materials actually available
and adopted construction seguences without change in outer slopes.
Seepage through the embankment is controlled by the arrangement of
the impervious and pervious fill zones, and foundation seepage is,
in general, controlled by carrying the impervious section of the
dam to rock, glacial till, or other impervious stratum. At the
left abutment, however, it may not be feasible to obtain complete
foundation cutoff, and the cost estimate provides for inclusion of
a short upstream impervious blanket and a drainage tunnel downstream
for intercepting possible underseepage at this abutment.

Because of the slaty nature of rock from required excavations,
and the need for processing to remove the expected large quantity of
excess fines, rock slope protection is provided only on the upstreoam

slopes, Below minimum pool, the rock slope protection will consist
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of processed rock from required excavation and a select granitic
rock transported from the Deboullie Mountain area will be used
above, Downstream slopes will be protected by gravel and cobbles
from the perviocus borrow and site excavations,

be Falls Brook Dike. The only known sources of large

quantities of embankment materials in the vicinity of the dike
site appear to be deposits of relatively impervious glacial till.
This dike has therefore been designed as an essentially homogeneous
impervious fill section, with impervious cuteff carried through
shallow pervious deposits ¢ rock or impervious glacial till. An
internal pervious wick drain and downstream horizontal pervious
blanket are provided for controlling through and under seepage.
Slope protection on the upstream slope above the minimum pool
will consist of select granitic rock from the Deboullie Mountain
area and processed gravel beilow. The downstream siope protection
will consist of locally quarried rock.

¢, Hafey Brock Dike. Materials indicated to be available

in the area for embankment construction are pervious sands and
gravels and impervious glacial till, OCutoff %o bedrock or other
impervious stratum does not sppear feasible in the valley bottom
and at the west abutment. A horizental upstream impervious blanket
connected to the core, a pervicus fill drainage trench down-
stream of the core,and a dewnstiream rocck tce are provided for con-
trol of seepage. However, the upstiream impervious blanket is elimi-
nated where cutoff to rock or glacial till appears feasible on the east
abutment, Upstream slope protection will consist of select granitic
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rock from the Deboullie Mountain area abcve minimum pool and pro-
cessed gravel below. The downstream slope protection will consist
of locally quarried rock on gravel bedding,

d. Campbell Brook, Cunliffe Brook and Blue Brook Dikes.

These dikes which are of relatively low height are designed as es-~
sentially homogeneous impervious fill sections, utilizing the lo-
cal glacial till, with pervious downstream toes, for control of
seepagee Cuteff to impervious glacial till iz assumed at relatively
shallow depth, Upstream slope protection for the Campbell Brook
Dike will consist of select granitic rock from the Deboullie Moun-
tain area. Dowpstream protection will consist of processed rock
from required excavations at Dickey Dame Local rock will be used

for all slope protection at Cunliffe Brook and Blue Brook Dikes.

2-11  CONSTRUCTION MATERIALS

@, General. Quantity estimates of borrow materials re-
quired for construction of the dam and dikes are based onh available
topography and geology for the various sites and preliminary de-
signs appropriate to this stage of investigations., Estimated volume
of the main dam and dike at Dizkey including rock slope proteciion
and rockfill is approximately 56,000,000 cubic yards. The volume
of earth and rock materials in the Falls Brook dike is about
7,300,00C cubic yards. At Hafey Brook dike approximately 2,000,000
cubic yards of earthfill and rock are required, The minor dikes

have small volumes ranging from L0,000 t¢ 200,000 cubic yards,

29



be Impervious Materials. Foundation test borings made

high on the left abutments at both the sites investigated at Dickey
indicate that thick and extensive deposits of till occur generally
above BElevation 900, The till is compact, relatively imperviocus
and characteristically variable, It contains scattered boulders
and ranges in gradation from graVelly,'silty sand to gravelly,
sandy clay. Preliminary estimates indicate that an area extending
upstream along the valley 2 miles or more from Dickey damsite

could provide all impervious materials required for the impervious
gections of the dam, Other localities where extensive deposits of
relatively impervious till occur within 2-1/2 miles of the site in-
clude the high slopes on the north valley wall downstream from the
site and the higher hillside on the south side of the valley betweaen
the upper and lower Dickey sites.

At the Falls Brook dike impervious materials are available in
nearby extensive till deposits on the east side of the Falls Brook
Valley both upstream and downstream from the site, Sources of ime-
pervious materials for the other dikes were not specifically located.
However, it is expected that deposits of till suitable for use as
impervious fill can be found in proximity to all the sites.

Ce Pervious Materials. Pervious materials for construc-

tion of the Dickey Dam occur in extensive terrace deposits of silty
sands and gravels which extend from river level to about Elevaticn

800 along the north side of the valley. In some areas the terrace
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materials are mantled by till, Within these deposits, till alsc
occurs in scattered small masses and thin lenses., The total thick-
ness of the pervious materials, including the relatively minor till
zones, is generally more than 100 feet, It is expected that ade-
quate exploration of these deposits would permit delineation cf
suitable areas where it would be feasible to obtain very large quan-
tities of relatively pervious material., Without some selection,
these deposits would probably provide material which overall would
be classified as random fill,

Foundation explorations for the southern section of the dam
at the lower Dickey site and in the valley bottom at the upper site
encountered more than LO feet of relatively pervious silty sands
and gravels, and similar materials occur in the extensive outwash
plain at the mquth of the Lititls Black River., The water table is
generally less than 20 feet deep in these areas so that subaqueous
borrow operations would be required to realize more than a nominal
percentage of an indicated large potential.

Other potential sources of pervious borrow coccur in a large
terrace approximately 11 miles downstream from the Dickey site and
in less extensive terraces on the east side of the Allagash River
from Three Mile Island t¢ Twin Brook Rapids about !} miles from
the Dickey site,

A nearby source of pervious materials has not been found

in the vicinity of Falls Brook dike. For purposes of this report
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it is assumed that pervious materials will be obtained from de-
posits in the wicinity of the damsite.

Immediately north of the Hafey Brook dike site, there is
an extensive ocutwash plain indicated to be underlain by gravelly
sands in sufficient quantity for pervious fill requirements.

At Campbell Brook dike all pervious materials required
will be obtained from pervicus deposits at Dickey. At Blue Brook
and Cunliffe Brock dike requirements for pervious fill have been
kept to a minimum in preliminary designs and it is assumed that
they can be found within 5 miles haul distance of the sites.

d. Qravel Bedding, Slope Protection and Road Gravel, It

might be possible to obtain these materials by selective excavations
in the areas éonsidered as potential sources for pervious material.
Considering the large quantities required, however, it is believed
more realigtic at this time to assume that all gravel for bedding,
slope protection and roads will be obtained by processing materials
from the most suitable pervious borrow areas. Campbell Brook dike
is only a short haul distance from the Dickey site and could be sup-
plied from a processing plant at Dickey. Select gravel materials
for the dikes at Falls Brock and Hafey Brook likewise could probably
be supplied most readily from a central processing plant located at
Dickey.

e. Rock Slope Protection and Rockfill. The slaty shale

bedrock will provide most of the required rock for slope protection

and rockfills. The shale bedrock from the required rock excavations
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will be utilized at the dam and adjacent dike, At the remote dikes
most of the required slope protection or rockfill will be provided
by quarrying in nearby; areas.

Cleavage is very well developed in ﬁhe shale so that it
will split easily into thin plates and wafers, and shapes produced
by blasting will be elongate, flat slabs. Bfeakdown of the rock
during blasting and handling will result in production of a high
proportion of undesirable fines. Processing will, therefore, be
required to obtain satisfactory rock for use in rock slope protec-
tion. It is expected that the excavated rock will increase iln
volume by a factor of 1.3 over in situ volume but losses incurred
during tlasting, handling and processing, will reduce the quantity
of available rock so that for in place volume on the embankment a
balance factor of «8 of the in situ volume is considered reason-
able for quantity estimates, A very large volume of shale will be
available from required rock excavations so it is planned to in-
corporate unprocessed excesses in a rolled, rockfill section in the
cofferdam or internally in the dam embankment.

Because of the tendency of the shale to break down during
freezing and thawing, it will be necessary to use a more durable
type of rock where the slope protection will be exposed to fluctu-
ating water levels and atmospheric conditions. Granitic rocks,
mainly granodiorite, suitable for this purpose are available in the

vicinity of Deboullie Mountain located approximately 12 miles
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southeast of the Dickey site as shown on Plate No. 5. The grano-
diorite is massive, hard, durable and generally uniform in tex-
ture, color and compositions Access to the Deboullie area is pos-
sible for most of the distance on existing poor logging roads but
extension by several miles of new road will be required, Total
haul distance from the Deboullie area to Dickey is about 18 miles.

f. Concrete Aggregates. All the natural deposits of

sand and gravel in the region contain a high proportion of flat,

elongate and friable shale fragments derived from the local bed-

rock, Because of the slaty character of the shale, both the bed-
rock and the natural sand and gravel deposits are not considered
suitable for use as aggregates in concrete.

At Deboullie Mountain, as previously discussed in conjunc-
tion with producing high quality rock slope protection, rock for
production of suitable fine and coarse aggregates could be ob-
tained by quarrying. In view of ﬁhe large volume of concrete re-
quired, amounting to approximately 500,000 cubic yards, and the
long haul distance from the Deboullie area, consideration will be
given to the feasibility of also obtaining fine aggregates from
the nearby sand and gravel deposits in the vicinity of the damsite.
As a subsidiary operation to processing for selected gravels or by
selective excavations, it may be possible, by adequate processing,
to eliminate or reduce to tolerable limits the percentage of shale
fragments in the natural materials to produce an acceptable fine
aggregate.
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CHAPTER III

TIDAL POWER PROJECT
DEPARTMENT OF THE INTERIOR PLAN

3-01 GENERAL DESCRIPTION

The basic plan envisioned by the Department of the Interior pro-
poses Passamaguoddy developed as a pesking powerplant supplying a sub-
stantial portion of the peaking power requirements of an extensive mar-
keting area embracing the New England States and New Brunswick. The plan
utilizes the basic twe pool concept develeoped in the I.J.C.'s report with
the significant modification that inelined shaft turtines would be used
in the powerplant in lieu of conventional vertical shaft turbine-generator
units, and that the installed capacity would be one million kilowatts
instead of 300,000 kilowattis.

The components of the I.J.C.'s plan, except the powerhouse, are
incorporated into the Department of the Interior'splan without change.
The unchanged features include tidal dams, the navigation locks amd all

filling and emptying gates.
POWERHOQUSES

3-02 LAYQUT

The adopted plan proposes the construction of two identical 50-unit
powerhouses, one at Carryingplace Cove and the second at Bar Harlor, as
shown on Plate No, 1. Powerhouse No. 1 would be located on Mathews Islard,

as in the I.J.C.'s plan, with the headrace excavated across a narrcw
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isthmus of Moose Island between Kendall Head and Redoubt Hill. A clo-
sure dam would connect the northwest end of the powerhouse to Moose
Island. Powerhouse No. 2 would be located on the western peninsula of
Moose Island near Bar Harbor with the headrace excavated across the
causeway for Route 180 between Carlow and Moose Islands. A closure dam
would connect the west end of the powerhouse to the mainland.

For economic studies cost estimates were required for installations
of 3, 50, 70 and 100 power units. The 30-unit powerplant would be
located at the same site as Powerhouse No. 1. Headrace and tailrace would
be narrower to correspond to the smaller powerhouse. The 50 units would
be installed in Powerhouse No. l. The 70 units would include an addi~
tional 20-unit powerhouse at the location of Powerhouse No. 2 with appro-
priate headrace and tailrace. The 100 units would be contained in the
two powerhouses as already described.

The switchyard would be built on an artificial fill near the
northwest end of Powerhouse No. 1 as shown on Plate No. 1 where it would
serve both powerh:ouses.

The powerhouses developed would be ldentical , and further descrip-
tion of one powerhouse will apply to both. The powerhouse would have S0
main unit bays, each 62 feet wide; two B83-foot assembly bays, one at each
end; and four 55~-foot service bays, located between groups of 10 units.
The total lergth of the powerhouse would be 3,486 feet. Plate Wo. 2

shows the general plan of the powerhouse.
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The powerhouse would be a reinforced concrete stiructure. The
intake side of the structure housing the turtbines 1s planned as a semi-
outdeoor type of structure with the deck at elevation 0.0 feet above
mean sea level. Access roads and railrocad would meet the powerhouse at
deck level. Most of the mechanical and electrical equipment would be
housed inside the powerhouse. Two outdoor-type 85-ton gantry cranes
would travel on the concrete deck to unload, install, and service the
50 turbines, and operate the intzke gates. Large openings in the deck,
each covered with a removable hatch cover, would provide access to the
turbines. The portion of the powerhouse over the draft tubes, contain-
ing the speed increasers and generators, would be of the indoor type.

It would have reinforced concrete walls and a flat roof on steel trusses.
Two 100-ton bridege cranes, travelling the full length of the powerhouse,
would install and service the 50 speed increasers and generators. Five
step-up transformers would be spaced along the deck at 10-unit intervals
between the gantry crane tracks and the powerhouse roof. Two 20~ton
gantry cranes would travel the deck over the draft tube openings and

operate the draft tube gates.

3-03 TURBINES AND GENERATORS

Plate No. 2 shows the ecuipment setting and water passages which
are in accordance with a manufacturer's submitted proposal and considered
reasonable, The main unit includes a turbine, speed increaser, and

generator all on an inclined axis.
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The slightly-inclined propeller-type turbine would have adjust-
able blades, adjustable wicket gates, and fixed stay vanes. Wicket
gates are regquired to prevent leakage, Turbine would have a full-gate
rating of 14,000 horsepowér at a 13.2-foot head and 45 revolutions
per mimte, A governor and operating mechanism are included with the
turbine.

The speed increaser with a 10.to-1 ratio, would increase the
shaft speed from 45 to 450 revolutions per minute, permitting the use
of a smaller diameter, more efficient, and less costly generator and
results in a better design.

The generator would be rated at 11,100 kv.-a. 0,90 power factor,
3 phase, 60 eyele, 13,800 volts, 450 r.p.m., complete with exciter,
The generator and direct connected exciter would be complete with
bearing relays, thermometers, water flow indicators, generator field
shunt, space heaters, current transformers, etc., Included are also
air to water heat exchangers, a carbon dioxide fire protection system,
and thrust bearing to absorb the generator thrust due to ineclination

of the shaft.

3«04 MAIN UNIT BAY

The inclined axis turbine, with centerline at elevation -20.0,
is set at a slight angle to the horizontal so as to permit the lo-
cating of the generator and speed increaser in the dry. Preliminary
structural analysis indicated a thickness re~uirement of 6 feet for

the end piers and 5 feet for the center pier. This requirement plus
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the water passage exit width sf L5 feet establiéﬁed the width of the
main unit bays at 62 feet. The generator floor is established at
elevation =4,0 and as such provides four feet of conerete, minimum,
over the draft tube., The floor level over the turbines was estab-
lished at elevation +3.0 and provides mass concrete around the tur-
bine for the inertia block,

The powerhouse deck was established at elevation 20,0 which
provides 6.5 feet of freeboard above the upper pool maximum elevation
of 13.5, and which also provides a working headroom of 14 feet in the
mechanical and electrical ecuipment galleries. The walls for the
generator room would extend the entire length of the powerhouse, and
support the bridge cranes. The walls for the turbine area would ex-
tend the entire length of the powerhouse, and support the deck slab
and gantry cranes.

The indoor type structure over the generator has the advantage
that it would provide suitable electrical clearances for the high
voltage equipment and transmission line take-off structures. The

indoor type structure also offers the advantage of a dry inside area

for the construction, operation and maintenance of the major electrical

equipment. The powerhouse roof would consist of multiple ply roofing

laid over "Q" decking supported by a steel truss framework,
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3-05 ASSEMBLY BAYS

The 83-foot assembly bay provided at each end of the power-
house would have two floor levels, elevation -4,0 and +20,0 as
shown on Plate No. 3. The lower level would provide two assembly
areas. One area, for the erection of turbines and transformers,
would be serviced by one 85-ton gantry crane operating through
- metal-covered hatches in the deck. The other assembly area, for
the erection of speed increasers and generators, would be serviced
by one 100-ton bridge crane. A transfer car operating on transverse
rails would be used for moving equipment between the two erection
areas. The assembly bays would provide space for oil storage and
purification, maimtenance shop, washroom, and first aid and stor-
age area. An office building, 24 feet by 83 feeb, would bhe located
on the elevation 0.0 floor as shown on Plate No. 3. The building
at the southeast end would be used for offices for project adminie-
strative personnel and facilities for visitors. The tuilding at
the northwest end would be used for additional office space and

for the powerplant supervisory control roome.

3~-06 SERVICE BAYS

A 55=foot service bay would be provided between each group of
ten units as shown on Plates No. 2 and No. 3. These four areas, ab
elevation ~40 would provide space far station service auxiliary

equipment and space for repair of main unit equipment. These repair
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areas would be used during construction as additional assembly areas
for erection of turbines, generators and speed increasers. The cen-
tral portion of the area would be used for station service air-

compressor rooms. The powerhouse dralnage and unwatering samps and

pumps would be located in the downstream area of these service bays.

3«07 GENERAL ARRANGEMENT

The general arrangement of the powerhouse equipment is shown
on Plate No. 3. The mechanical and electrical systems would be
arranged in 5 groups of ten units each, A group control center would
be located on the generator floor at the mid-point of each group.
This control center would provide all necessary features for the
remote comtrol and operation of each of the ten units in the group.
The generator and station service switchgear for each group of ten
units would be located in the electrical equipment gallery, eleva-
tion 3.0, at the mid-point of the group. The main power transformer
for a group wuld be located on the main deck, elevation 20.0 directly
above the generator switchgear. The mechanical equipment gallery
would be used for locating the governors, heat excharmgers, piping
systems and other mechanical equipment. A transverse utility
gallery would be provided between each unit for the routing of
mechanical piping and electrical circuits from the generator room
to the mechanical and electrical equipment galleries. The power-
house roof area would be used for location of high woltage equipment

and take-off structures for aeridl lines to the switchyard.
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3-08 GATES, TRASHRACKS AND STOPLOGS

Five sets of intake gates wuld be provided for the 50 units.
This would permit the simltaneous urmwatering of three units while
leaving two reserve sets .for emergencies. Each set would consist
of one wheeled and one slide gate. The gates apprd:cimately 34 feet
6 inches high by 16 feet 6 inches wide would each be constructed in
two sections. The gates would be hardled by the 85-ton powerhouse
gantTy crane and when not in use would be stored in the gate slots
and supported by latches. The gates would be designed for emergency
closure under full flow conditions with wide open wiclket gates.
Under these conditions, the slide gate would first be placed in one
passage, then the wheeled gate would be placed in the remaining
passage. Under these conditions the gates would close under their
own weight.

Similarly five sets of draft tube gates would be provided for
the 50 units to permit the simmltaneous umwatering of three units,
lzaving tw reserve sets. This quantity wuld be ademate to meet
the requirement of project maintenance for a 50-unit plant. Each
gate, approximately 53 feet 6 inches high by 22 feet & 1lnches wide,
wuld be constructed in six sections. The gate sections would be
handled by the draft tube RO-ton gantry crane and when not in use
would be stored in the gate slots and supported by latches. Because
these gates would always be placed under a balanced head condition,

all would be slide gates.
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One set of trashracks would be provided for each of the o0
units plus one spare set for use in maintenance work. The trash~
racks would be placed in structural steel guides fastened to the
upstream pier noses of the intake and would be handled by a 1l0-ton
auxiliary jib hoist located on the 85-ton powerhouse gantry crane.
This hoist would be equipped with a grab hook for use in removal of
trash gathered in front of the trashracks.

One set of intake stoplogs would be provided for the fifty
units and would be used for closure under a balanced head condition
of any one of the intske passageways. This would permit maintenance
of the intake gate slots. The stoplogs would be designed to operate
in the trashrack guide slots and would be of such dimension and
weight as to pemit their handling by the 10~ton jib hoist on the

85-ton powerhouse gantry crane.

3-09 CRANES

Two 85-ton gantry cranes with a 52-foot span would be provided
for the 50 units and would operate along the entire length of the
powerhouse including the unloading areas at each end. The principal
furnction of the cranes would be to handie the turbines and intake
gates during construction and maintenance of the powerplant. The
cranes wuld also be used to untank transformers, to unload railrcad
ecars, amd to handle trashracks and intake stoplogss Eéch crane would

have large rolling doors to permit complete enclosure of the area
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under the crane for use when servieing the turbines during inclement
weather. A 115 k.ow. diesel-generator set would be installed in each
erane to provide power for hoisting and propulsion.

Two 100-ton bridge cranes, having a 70-foot span, would be pro-
vided in the generator room and would operate along the entire length
of the powerhouse including the assembly and service bays. The
eranss would handle the generators, speed increasers, turbine shafts
and miscellaneocus equipment during the construction and maintenance
of the powerplant. They would take thelr power from a trolley bus
Jocated on the downstream side of the powerhouse.

There would also be two 20-ton draft tube gantry cranes to
handle the draft tube gates for the 50 units. Each would be powered

by a 115 k.w. diesel=generator set mounted on the crane.

3=10 POWERHOUSE CONTROL AND OPERATION

When required for load the powerplant would be operated to
generate maximum power during short periods of time and would be
under automatic control. The sequence of stopping and starting units
could be preprogrammed by electronic computer from tide cycle predic-
tions and recorded on punched cards or tapes for use by the automatic
controller. The main supervisory control board would be equipped
with a 50-unit status board permitting the withholding of selected

units from automatic control if required.
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A central supervisory board would be located in the west
assembly bgy of the plant and would provide equipment for automatic
or manual control of all 50 units. Controls would also permit re-
mote manual operation of switchyard breskers and disconnects. & unit-
group control center would be located adjacent to each of the five
groups of ten generators., From this center, an operator could con-
trol 2ll operations for starting, loading and stopping the generators

in his group.

3-11 AUXILIARY ELECTRICAL AND MECHANICAL SYSTEMS

A1l auxiliary electrical and mechanical systems for the tidal
powerhouse described in the T.J.C. report of April 1961 were studied
and estimated in detail. The systems for the present powerhouses
are similar, arnd further detailed study is not warranted, since the
over-all estimates are quite accurately made by adjusting the pre-

vious estimate.

3~12 MATN POWER TRANSFORMERS

At each powerhouse the generators would be combined in five
groups of ten each with a step-up transformer far each group. The
transformers would all be 3-phase, forced cil-air type, delta-wye,
rated at 111,100 kv.-a. with BIL characteristics as described in the
I.J.C. report. At each powerhouse four transformers would have a

high-voltage rating of 345 kv. and the fifth a rating of 230 kv.
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3=-13 STATION SERVICE

Station service electrical system for service areas would be
taken from each of the five groups of generators by means of a 13.8-
kv. feeder caliie, when the powerhouse is in operation. The service
for the aerial lines feeding the navigation locks and the tide gates,
which fom a part of the tidal power project, would be fed from a
13 .8-kv. generator bus.

Ipagmuch ag the tiddl powerplants will not operate contimuosly,
it will be necessary to use power from the interconnected system for
station service and auxiliary power when the tidal plants are not
operating. The station service in each group of ten units would be
served by a 1,000-kv.-a., 3=-phase, 13,200 -~ 480 volt transformer,
Bach transformer would be connected to a group bus which would fur-

,~“nish the auxiliary power to the ten.units connected to the bus.
Each transformer would be capable of carrying the load of its group

as well as that of an adjacent group.

3«14 SWITCHYARD

The transﬁission lines in their entirety are included in the
Department of the Interior report. Switchyard estimates were provided
by the Bureau of Reclamation of the Department of the Interior amd are
included in the cost summaries of ﬂiis reporte The cost of main
transformers is included with the powerhouse estimate, and the switche
yard estimate,which had included it is reduced by like amount in this

report.
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3-15 CORROSION CONTROL

A1l metal in the water passageways, ineluding the runner hub
and turbine shaft, will have a minimum 1/8" stainless-steel type 316
cladding, welded overlay or sleeves. Il is noted that the Intermna-
tional Passamaquoddy Engineering Board report of October 1959 cone
templated that the turbine runner and certain other turbine parts
would be fabricated of type 316 stainless steel.

All estimates are based on the corrosion prevention coatings

and cathodic protection systems recommended in the I.J.C. report.

3-16 FISHWAYS

At the recuest of the International Passmaquoddy Fisheries
Board, fishways for anadromous fish were planned in the I.J.C.
report at the tidal powerhouse and emptying gates. In accordance
with this recuest similar fishways have been provided at each end
of Powerhouse No. 1 and No. 2 with a collection gallery along the
downstream side of each powerhouse. The fishway at the emptying

gates at Pope Islet would be the same as shown in the I.J.C, report.
HEADRACE AND TATLRACE

3-17 DESIGN

The headrace channels were designed to minimize hydraulic
losses without requiring excessive excavation, The bottom of the
channel for Powerhouse No. 1 varies from elevation -44 at the en-

trance, to elevation -50 at the narrowest part of the channel and
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to elevation =-40,7 at the powerhouse. The bottom of the headrace
channel for Powefhouse No, 2 is level at elevation 40,7,

The bottoms of the tailrace channels for both powerhouses vary
from elevation -67 at the powerhouse to about elevation -35 in
Cobscook Bay.

Average velocities in the headrace channels would be about 3.5

feet per second and in the tailrace channels about 3 feet per second.

3-18 BEXCAVATION
The part of the excavation of the channels above high tide

would be used for cofferdams. Cofferdams would be constructed, the
work areas in the channels unwatered, and the work continued in the
dry. It is plamned to use the material excavated from the channels
for Powerhouse No. 1 in the permanent features of the project. Since
construction of Powerhouse No. 2 will be scheduled in the last phase
of development, only a small portion of the material excavated from

the channels could be used; the remainder would be wasted,

3-19 COFFERDAMS
In estimating the cost of cofferdams the same design is used

as in the L.J.C. report. The quantities of materials vary with the
number of units, 30, 50, 70, or 100, to be installed. Sources of
materials for cofferdams also vary, being dependent upon what mate-
rials would be available in the early stages of construction. The
length of cofferdams at Powerhouse No., 2 exceed those of Powerhouse

No. 1 because of greater distances between suitable abutments,
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MISCELIANEQUS ITEMS

3=20 SERVICE FACILITIES

The service facilities consist of maintenance shops, warehouse,
utilities, land plant, fleating plant, housing facilities, parking
areas, service and access roads, and an access rallroad spur to each
powerhouse. The warehouse and storage area would be at Carryingplace

Cove as in the I.J.C. report.

3-21 RELOCATIONS

All public and private facilities interrupted by the proposed
construction would be relocated to give the same service as before
the project was started. The costs of the work necessary to make
the owrers whole would be included as project costs in accordance with
estatlished procedures. These costs for Powerhouse No. 1 are increased
from the I.J.C. report for the extension to a wider headrace. The
same bridge is used as the one in the I.J.C. report for carrying the
following facilities across the chamnel into Eastport; - State High-
way Route 180; a single track branch line of the Maine Cextral Rail-
road; the water supply line to the City of Eastport; two power cir-
cuits of the Bangor Hyircelectric Company; one cable and 22 wires of
the New England Telephone and Telegraph Company; and Western Union
communication wires. |

The wider headrace for the waterway to Powerhouse No. 1 requires
removal of the sides of Kendall Head on the westerly side and Redoubt

Hill on the eastern side. This would cut off the roads leading to
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the houses on the top of the two hills. Relocation of the access and
utilities to both areas is included in the plans and cost estimates.
The same highway, railrepad, and utilities would require reloca-
tion across the headrace of Powerhouse No. 2 by means of a bridge
similar to that across the headrace of Powerhouse No. 1. The cross-
ing of the water pipeline to Eastpert is at Bar Harbor and along the
line of the powerhouse. Since the relocation would not be completed
before the construction for Powerhouse No. 2 is started, a temporary
waterline would be required prior to construction of the permanent

replacement.

3-22 [LANDS AND DAMAGES

The real estate costs have been prepared by an appraiser famil-
iar with the area and are additive to the real estate costs included
in the I.J.C. report. The additional cost of widening the taking
line for the wider approach chamnel to Powerhouse No. 1 is added.

The western peninsula of Moose Island would be acquired for
Powerhouse No. 2, with a construction area on the socutheastern end
and ancther at the northwestern end. A strip along the southeast
line of the approach channel will be acquired, also areas for the
abutments and approaches to the proposed replacement bridge. All of
Carlow Island would be included in the taking; any remainder after
the bridge construction would be developed for the use of visitors as
described in Chapter VI. All lands and damages in Canada remain the

same as in the I1.J.C. report. Damages to waterfront property, caused
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by the tidal regime for the high and low pools, wouwld appear to be

unchanged from those developed in the I.J.G. report.

3«23 QPERATION AND MAINTEMNANCE

The operating and maintenarce staff of a hydroelectric power
installation is a large part of the anmal costs. The estimate of
operation and maintenance anmual cost for the incremeris of size of
the tidal powerhouses now under study is developed from the I.J.C.
report. The staff for locks, dams and emptying and filling gates
would be the same,with a cost increase in accordance with present
wage rates. The staff for the varying sizes of powerhouse would
increase with the number of units, as would the amount estimated
for annual supplies. The staff would include a small executive
section, an englneering section, an operating section to provide
necessary arourd the clock service,and a maintenarnce section on an

8~hour day basis plus emergency service.

SUBJECTS FOR FUTURE S5TUDY

3-24 PUMP-TURBINE UNITS

In searching for ways and means to improve the economics of
the tidal power project, various ideas have been conceived. One of
these, which is worthy of further study, is that of using pump-
turbines to increase the peak power generation during periods of neap
tides. Using off-peak power, available from 10 p.m., to 6 a.m., the

reversible units would pump water from the low pool to the high pool.
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Then, during the dally period of peak demand, these same units would
generate power as the water in the high pool would flow back through
them into the low pool. By this means, the firm generating capability
of Passamaquoddy could be realized, as the additional water and head
could be used to extend the period of on.load operation, thus offering

more flexibility in fitting tidal power to the load.

3-25 DAaliS, CCFFERDAMS, AID GATZS

There are several features where study during the design phase
of the project might result in a reduction of cost. The tidal dams
and cofferdams present many problems of design and construction.
General and detailed hydraulic model studies and extensive deepr water
drilling would appear warranted. Further investigation may show that
prefabrication of filling and emptying gates with a floated-in con-

struction method would provide a saving.
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CHAPTER IV

DICKEY PROJECT, SAINT JOHN RIVER

4«01 GENERAL PLAN

The site selécted for the river hydroelectric project is on
the main river immedlately above the confluence with the Allagash
River as shown on Plate No. 5. The geologic features of the site
have been described in a previous chapter. The general plan of the
development is shown on Plate No. 6. The main dam across the river
and the dikes across the adjoining saddles would be of the earthfill
type. A1l structural features would be located on the right bank
and in general founded on rock: the low level outlet tunnels, which
would be used for diversion during construction; the powerhouse with
tailrace discharging into the Saint John River; and the spillway which
would discharge at infrecuent times through a stilling basin into
the Allagash River. The maximum and minimum reservoir elevations
would be 910 and 870 feet above mean sea level, ‘thus providing a

40-foot drawdowne

4-02 HYDROLOGY

The drainage area above the Dickey site is 2,725 square miles.
Area and capacity curves for the Dickey site, shown on Plate No. 10,
were developed from the latest available U. S. Geological Survey
ouadrangle sheets, scale 1:62,500. At maximum elevation of 910 feet,
the reservoir area would be 88,600 acres and its capacity 8,080,000
acre feet, At drawdown level of 870 the reservoir area would be

58,500 acres and its capacity 5,180,000 acre feet.
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Tatlwater rating curves were developed for the spillway and
the powerhouse. Simce the stilling basin at the end of the spillway
chute would discharge into the Allagash River just above the cutoff,
its tailwater would be controlled by the new channel, The estimated
rating curve is shown on Plate No, 10. The rating curve at the
powerhouse shows that tailwater leveis there would be controlled by
the Lincoln School dam, The static maximum, minimum and average
tailwater elevations would be 605, 597, and 601, respectively.

Streamflow at the Dickey site was assumed to be the same as at
the Dickey gaging station two miles upstream. Records at the gage

indicate the following:

Drainage area, 5Qq. mi. 2,700 (approx.)
Period of record _ Octe 1946 - Sept. 1962
Average discharge, c.f.s. 4,800
Minimum Discharge, c.f.s. 129

Date 17 Sept. 1948
Maximum discharge, c.f.s. 71,700

Date 15 May 1961

Two important hydrologic events have occurred since the I.J.C.
study: the most critical three-year drouth, 1955«58; and the greatest
flood, May 1961. These events are taken into consideration in the
present study.

The étreamflow follows a nomal annmual pattern. Melting snow

produces high rates of runoff in April and May after which the flow
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diminishes graduzl 1y and then remains quite uniform until the follow-
ing spring, except for occasional rises due to rainfall. Then the
cycle repeats. The following tabulation of mean monthly discharge

illustrates this cycle:

Month Mean Discharge, c.f.S.
April 12,460
May 16,300
June 54290
July 5,040
August R 360
September g 4150
October 34350
November 4,340
December 2,450
January 1,210
February 740
March 1,330

In order to determine the regulated flow available at the Dickey
site storage-draft curves were developed for periods of deficient
streamflow, using records of flow at the Dickey gaging station. The
critical periods were found to be 1947 to 1948 and 1955 to 1958.

The following tabulation gives the storage and regulated flow for

various values of drawdowns
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Maximum Active Regulated

Drawdown Storage Flow
(Teet) (acre-feet) “(Cefese)
10 845,000 29520
20 1,600,000 3,560
30 2,300,000 4,100
40 2 4900,000 4,370

In computing the regulated flows, an allowance of 50 c.f.s., was
made for losses by evaporaticon and leakage. For the selected maxi-
mun drawdown of 40 feet, the active storage would be 2.90 million
acre-feet, and the regulated flow 4,370 c,.f.s.

An analysis was made of the time required to fill the Dickey
reservoir. With the intakes built as shown on Plate No. 7, the
reservoir would have to be filled to elevation 870 before power
generation could bégin. This would reqire the adcumulatioh of
5,180,000 acre-feet of water. In filling the reservoir consideration
would need to be given to the water requirements of downstream plants,
of which Beechwood, with 102,000 kilowatts installed, requires the
most water. Assuming that Beechwood operates at 60 percent load
factor and an average net head of 58 feet, its average water require-
ment is 14,600 c.fess It was assumed that the flow at Beechwood
could be reduced to this average, 14,600 c.f.s5., as a minimum, by
storing water at Dickey except that a minimum discharge of 500 c.f.s.
would be released at all times to maintain a reasomatle low water
riverflow immediately below the dam. It is also assumed that water

in storage would not be drawn on during the £illing period to make
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up any deficiency should natural flow at Beechwood fall below the

14,600 c.fe.s. level. Under average flow conditions, filling of the

reservoir would begin in April and be completed in about R years.

4-03 RESERVOIR

The extent of the proposed Dickey Reservoir at full pool
elevation 910 is shown on Plate No. 5. It would extend about 47
miles up the Saint John River and cover an area of 88,800 acres.
A more detailed description will be given later under the subject
of "Lands and Damages," in Parapgraph 4-09, The reservoir would be
contained by the main dam and saddle dikes at five scattered loca-

tions, required to prevent flow into adjacent watersheds,

4-04 EMBANKMENT AND SADDLE DIKES

The top of the main embankment was set at elevation 925 to
provide 15 feet of freeboard over the maximum normal operating pool.
A 60-mile-per-hour wind (velocity over water) acting on the effective
fetch of 3.14 miles from.the northwest, would generate 4.6-foct waves.
These waves would run up 3.8 feet on the l-on=-3, riprapped slope.
In addition, there would be a set-up of 0.7 foot, on an effective
reservoir lemgth of 23 miles. The sum of set-up plus wave run-up
would be 4.5 feet, leaving a freeboard of 10.5 feet. The freeboard
provided above maximum spilliwgy surcharge of 8.6 feet, an extremely
rare condition, is 8.4 feet without wind and wave action.

Typical cross sections of the main embankment across the river

and the secondary dam on the right bank are shown on Plate No. 7.
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Transition zones between different materials, details of surface
protection and control of seepage follow conventional practice.

The upstream face of the embankment would have 4 feet of rock
slope protection placed on a 2-foot layer of gravel bedding. Above
elevation 860, where the pool is subject to fluctuation, the rock
for slope protection would be selected. The downstream slopes would
be faced by 3 feet of processed gravel above elevation 610, below
elevation 610, the downstream toe would be protected by 4 feet of
Uselect" rock on a 2-foot gravel bedding.

To prevent overilow into the Saint Francis River basin a dike
would be required on Falls Brook, and another on Hafey Brook. Dikes
would also be required on Campbéll Brook, Blue Brook and Cunliffe
Brook to prevent overflow into the Allagash River basine. All dikes
would be earthfill type,constructed of materials found within three
or four miles of the respective sites. The locations of the dikes

are shown on Plate No, 5.

4-05 LOW IEVEL OUTLETS AND RIVER DIVERSION

fWO 24-foot tunnels driven through the right abutment would
be used during constrmuction to pass riverflows after the spring
freshet recedes, A study shows that the 1l0-year construction-season
flced passing through the tunnels would raise the level in the resw
ervoir to elevation 6R7.2. A closure section across the river wuld
have to be raised above this elevation as rapidly as possible after

the spring breakup. The following spring flood could be passed
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through the tunnels and over a saddle at elevation 662.5 to the
right of the powerhouse location. With a gap of about 1,000 feet
in the embankment across the saddle the mximum spring flood would
raise the level in the reservoir to elevation 672,6. With the flow
confined to the two R4-foot tunnels the maximum flood of record
would raise the reservoir to elevation 699, The section of the dam
closing the 1,000-foot gap would be raised to above this elevation
during the construction season.

The two R24-foot tunnels described in the previous paragraph
would also be used for releases during reservoir filling. Two 90-
inch fixed-cone dispersion valves would be installed in each tunnel
to control the discharge. The valves and their vertical-lift
emergency gates would be located in a shaft immediately upstream

from the centerline of the dam as shown on Plate No. 7.

4~08 SPILIWAY

The spillway desigh flood for the Dickey site was developed
in the same way as the spillway design flood for the Big Rapids site.
(See report of the International Passamaquoddy Engineering Board;
Appendix 12, Auxiliary River Hydro Developments; par. 12-08 f,
p 12-27). The maximum possitle rainfall over the Dickey drainage
area is very nearly the same as for the Rankin Rapids drainage area.
Figure 5, Plate 1R-6, same reference, shows the component hydrographs
of the Rankin Rapids spillway design flood. The two component hydrof

graphs representing flow from the drainage area of Saint John River
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were added together. Then the ordinates were adjusted to the drain-
age area above the Dickey site, and base flow was added. This gave
the mtural hydrograph at the demsite. The hydrograph of inflow to
a full reservoir would have a higher and earlier peak because of
loss of valley storage and shorter travel time. Accordingly, the
peak of the hydrograph was increased by 35,000 c.f+s. and the hydro-
graph was reshaped, retaining the same runoff volume, to obtain the
inflow hydrograph, shown on Plate No. 10.

An ungated overflow spillway rather than a gated control struc-
ture was chosen for the Dickey development to provide better flood
6ontrol. In addition, an ungated structure would not require a
power supply or operating personnel,

A relationship was developed between maximum surcharge and
length of spillway crest by trial routings of the spillway design
flood through the Dickey reservoir. On the basis of this relation-
ship, a crest length of 500 feet was selected. After the shape of
the spillway crest anmd the spillway rating curve was determined, the
spillwgy design flood was again routed through the spillway to check
the designe It was assumed that 211 other outlets would be closed.
The routing was started with the reservoir 0.75 foot above spillway
crest, corresponding to a spillwsy discharge earal to the base flow.
The maximum surcharge was 8.6 feet, and the maximum discharge was

50,000 cubic feet per second, which were satisfactory.
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Since the control structure would be subject to ice thrust,
the upstream face of the control weir would have a slope of 1 on 1.
The crest would be shaped to conform to the lower nappe of a freely-
falling sheet of water. A design head of 7.0 feet was used. Heads
in excess of the design head would produce pressures somewhat less
than atmospheric on the crest of the weir.

The crest structure would discharge into a rock chute which
would gradually cormverge from a width of 500 feet, spillway crest
“length, to a width of 250 feet in about 1,500 feet. The upstream
800 feet of the chute would have a slope of 0.2 percent, then 700
feet at a slope of 13.8 percent, then 1,650 feet at a slope of 11,8
percent into a stilling basin with floor at elevation 590. The
chute wuld be unpaved where it is in saund rock and the lower
1,600 feet and stilling tasin would be paved with concrete and
have concrete side walls,

A standard hydrazlic jump stilling basin would be provided
at the downstream end of the chute, as shown on Plate Nos. 6 and 7
to give necessary control of the high flow velocities which would
ocour in the chute. The horizontal apron at the basin would be at
elevation 590, sufficiently below river tailwater elevation to
assure the formation of a hydrawlic jump at all levels of tailwater.
Comcrete walls of the stilling basin would rise 50 feet above the

floor to provide ample freeboard above spillway design flood tail-

water and to serve as alutments for the highwgy bridge.
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The channel of the Allagash River would be improved from the
stilling basin to its mouth, a distamce of about 8,700 feet., The
bottom width would be 400 feet, and the side slopes 1 on 2. The

bottom slope would be about one=foot per thousand feet.

4-07 INTAKE AND PENSTCOCKS

The most economical arrangement of penstocks and intake struc-
ture was found %0 be with the intake through a high rock knob on
the right bank. The invert of the 18-foot penstocks was set at ele-
vation 835, an elevation detemined by an economic relationship be-
tween width and depth of the approach chamnel referred to the draw-
down level of 870. This elevation provides 17 feet of submergerce
over the top of the penstocks., The excavated channel from the res-
ervoir to the intake structure would be ten feet lower in accordance
with common practice.

The intake would be a concrete gravity structure with the top
elevation the same as the dam crest, elevation 925. The service
road across the dam would cross the top of the intake structure.
Each intake would have a single water passage with an 18-~ x 30-foot
trashrack and a 12,5~ x 25-foot emergency vertical-~lift headgate.
The gates would be remotely controlled from the powerhouse. Stop~
logs, placed in the trashrack slots, would be used when inspection
or repair of the gate slots is necessary.

The penstocks from the intake to the powerhouse would be con-

structed of welded steel. The eight main unit penstocks would be
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18 feet in diameter and the station service units would be supplied
through a single 4-foot 3-inch penstock which would branch at the
powerhouse to the two units. Maximum velocity in the main unit pen-
stocks would be 23 feet per second. Plate thickness would be de~-
signed for maximum pressures accompanying emergency interruption of
full turbine load with maximum pool head. The lergth of the pen-
stocks was made as short as possible, 1,230 feet, to obviate the
need for surge tanks and thus avoid the problems of icing that
would occur with pesking operation of a hydroplamt during the ex-
tremely cold winters at the Dickey site.

To prevent icing of the penstocks, they would be located in
a cut and backfilled to a depth of three feet over the top. This
would place the centerline well helow the frostline with a depth

of six feet.

4-08 POWERHOUSE

As stated earlier the powerhouse would have an ultimate
capacity of 760 mw. with 8 - 95,000 kw. generators. The cost esti-~
mate includes the structure for the ultimate development in the
initial 18C mw. installation. For the 380 mw., 475 nw. and the 760 mw.
installaticens the costs for turbinss, generators, penstocks and acces-
ories are added. The powerhouse would be of the indoor concrete type
with ultimate installation of 8 generating units driven by vertical-
shaft, Francis=type, hydraulic turbines spaced 63 feet on centers.

Each turbine would be connected Wy an 18=foot diameter steel
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penstock extending approximately 1,230 feet to the intake structure.
The switchyard would be located downstream from the powerhouse on

the right bank of the tailrace channel amd connected by aerial lines
to the power transformers on the draft tube deck of the powerhouse.
Access would be by heavy duty road from the railhead at Saint Francis,
Maine to the south end of the plant where the assembly, control,
service, and office areas are located. The powerhouse layout is
shown on Plate No. 8. The bridge crane would have a rated capacity
of 375 tons. |

The centerline of turbine distributors would be set at eleva=-
tion 601.0. Each of the eight vertical, Francis-type, steel-spiral-
case, hydrazlic turbines would develop 130,000 h.p. at full gate, at
the rated head of 275 feet and at 12846 r.p.m. The governors would
he equipped with means for adjusting the rate of gate mowvement to
any value between 5 and 30 seconds for full gate opening or full gate
closing strokee.

The generators, directly connected by vertical shafts to the
turbines, would each be rated at 105,500 kva.,.80° C temperature
rise, class "B" insulation, 13.8 kv.,0.90 power factor, 3~phase,
60=cycle and with a direct-connected exciter. Reactarnces, WRE,-
rumway speed, and thrust bearing loading would not exceed values
available in standard design machines. Power for the station serv-
ice system would be supplied by two station service generators

driven by hydranlic turbines. The generators would be rated
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at 1,250 kva., 480 volts, 0.80 power factor, 3-phase, 60-cycle and
with a speed of 70 r.p.m. Conventional fire protection, cooling,
heating, and utility systems would be provided.

Four, 3~phase, R43,000 kva,., 13.8-13.2-230 kv., three winding,
delta=-delta~star connected, type FOW transformers would be provided.
Each transformer would be connected to two generators and sized for
115% of the rated generator output. The transformers would be lo-
cated on the tallrace deck, and each transformer would be connected
to the switchyard by an aerial line.

The switchyard would be a 25C kv, yard and would be remote-

controlled from the powerhouse,

4-09 TLANDS AND DAMAGES

The éite of the Dickey dam and reservoir is located in Arcostook
County, Maine, as shown on Plate No. 5. The damsite is about 13 miles
above the town of Saint Francis, Maine, and just above the point where
the Allagash River enters the Saint John River. The reservoir extends
from the damsite 57 miles to the farthest point of flooding on the
Saint John River. The backwater extends 25 miles up the Little Black
River and 23 miles up the Shields Branch of the Big Black River. {The
Shields Branch is called Riviere St. Roche in Canada.)

Land reaqiired for the project is approximately 110,000 acres
which consists of water area of approximately 88,600 acres at maxi-
mum pocl elevation 910, and 2,000 acres for work areas at the dam and

saddle dikes with necessary access and adjacent borrow areas. The
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total area includes some islands that would be formed by the reser~
voir and a 300-foot buffer and access strip around the perimeter.

A separate borrow area of 0 acres at Deboullie Mountain is included
as a source for concrete aggregate and stone facing.

The reservoir would extend into the Province of Quebec, Canada
at three places. On the Shields Branch (Riviere St. Roche} of the
Big Black River about 1,200 acres in Canada would be flooded. This
area is developed with farms, roads, and bridges. On two branches
of the Little Black River about 2,400 acres of fofest would be flooded.
The costs of relocation of the public facilities in Canada are in=-
cluded in the relocation costs.

Most of the lamd required far the Dickey project is in large
tracts of timber held mainly for pulpwood cutting. There are some
abandoned farms reverting to woodland. There is a built-up area in
the hamlet of Dickey about 1% miles above the damsite. Highway No.
161 serves the community anq terminates above the hamlet of Dickey.
The population of the entire project area is estimated at 700. About
240 tracts of land would have to be acaqiired for the project.

An appraisdl of the woodland required for the project was made
by an appraiser familiar with timberlands in the region. All land
was classified according to its highest and best use, and appraised
on the basis of fair market value in January 1964. An allowance
was made for the value of standing wood growth on all timberland,

and also for severance. Severance costs provide an equal access in
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cases where present access would be flooded out. To avoid isolation
of timberlands on the north side of the Saint John River, a ferry
with landings on the north and south sides of the reservoir is in-
cluded in the estimate. An access road leads from the ferry land-
ing to connect with the road along the Allagash River and with Route
161 just below the damsite. Improvements on the land were estimated
separately. They include dwellings, barns, lumber mills, churches,
schools, etc. There are no known mineral rights.

Water rights include tw breached dams on the Saint John River.
International water rights on the Saint John River arise from the
treaty of August 9, 1842, between the United States and Britain (the
Webster-Ashburton treaty), which provides for common use of the
waters of the Saint John River to promote commerce and transportation
for the benefit of the United States and Canada. The only use made
of the river in the sense of the treaty is the floating of logs and
pulpwood to downstream points. The design of the dam provides for a
logwgy to maintain this traffic. No fishways would be required since
the upstream movement of anadromous fish is blocked downstream by

natural obstaclese.

4~10 ROAD NETS AND RELOCATIONS

Access roads and relocations necessary in connection with the
construction of the Dickey project are shown on Plate No. 5. The
Dickey site is reached from St. Francis by Route 16l. The bridge

over Allagash River would be reconstructed for heavy loads for project
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purposes. The road leading up the north side of the Allagash River
will be relocated within the wark area and carried across the still-
ing basin by a bridge, as shown on Plate No. 8.

Access W the sites of the Falls Brook and Hafey Brook dikes
would be by means of a road across the Lincoln School dam and exist-
ing and relocated tote rcads, as shown on Plate No. 5. Access to
the site of the Campbell Brook dike would be by a new road connect-
ing to the tote road along the north side of the Allagash River.
This road would alse serve the ferry landing and recreation area to
be constnzcted‘on the south side of the reservoir. There are no
known roads near the sites of the Blue Brook and Cunliffe Brook
dikes. Access would be by haul roads which are a project cost.
Access roads for wods operations are included as severance costs
in lands and damages.

There is a power pole line of the Maine Public Service Company
on Route 161, and a peole line of the Fort Kent Telephone Company
which require removal within the Dickey project. There is a single-
wire telephone line of the Maine Forest Service in the reservoir
area., It is understood that future communications of this Service
are to be handled by radic and mo relocation would be necessary.
There are about 250 graves in three cemeteries which will require

relocation of an estimated cost of $50,000.
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4-11 SERVICE FACILITIES

Since the Dickey project is about 180 air miles from the tidal
project, it will be practically independent for operating services
and most maintenance work. Therefore, the project would be provided
with maintenance shops, vehicle servicing shops, warehousing, housing
for key employees, land wvehicles and equipment, and marine plant.
The service facilities at the Dickey project would also serve the.

reregulating dam about 11 miles downstream at Lincoln School.

4~12 OPERATION AND MAINTENANCE

An operating and maintenance staff of approximately 45 would
be required to operate the full development at Dickey; about two-
thirds would be engaged on maintenance work. A high degree of auto-
matic comtrol and centralized operation is amticipated. The main-
tenance force would handle zll preventive maintenance. The opera-
tion of the Lincoln School project would be controlled from the
Dickey project. A common maintenance farce would be used. The
estimate for operation and malntenance is based on the study made

in the I.J.C. report, adjusted to present conditions.

4~13 FﬁTURE CONSIDERATIONS

There are other possitilities for developing power on the
Upper Saint John River which may be investigated for comparative
purposes during the project design stage. One is a power reservoir

at elevation 910 at Big Hapids, coupled with cone at Lincoln School
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with maximum pool elevation 630, This combination was studied in
the preparation of the I;J.C. repert. Another would be a dam at
Dickey with maximum pool elevation about 910, but with intake and
powerhouse on the left bank of the Saint John River at Lincoln
Schools, This scheme would require a high dam on Falls Brook about
five miles downstream of the present dike, a two-mile tunnel through
the mountain to the Lincoln School damsite and a slightly higher
reregulating dam at Linceoln School. The high head powerplant at
Lincoln School would discharge twe turbines into the Saint John
river for continuous power, and six turbines into the Lincoln School
reservoir for peak demands. Flow from the Allagash and the discharge
from the six high head turbines would be utilized by two turbines

in the Lincoln School powerhouse.
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CONSTRUCTION

SCHEDULES

STRUCTURE

Ist YEAR

2HD YEAR

3r0 YEAR

4TH YEAR

57H YEAR

6TH YEAR

DICKEY DEVELOPMENT

TEMPORARY BRIDGES 8 ROADS
CAMP 8 PLANT BUILDINGS

STREAM CONTROL & ODIVERSION
EARTH EXCAVATION
ROCK EXGAVATION
TUNNELS
CONCRETE
EQUIPMENT

PAM
CLEAR & STRIP
EMBANKMENT
RIPRAP
ROADWAY, ETC.

SPILLWAY & TAILRACE
EARTH EXGAVATION
ROGK EXGAVATION
CONGRETE
ACCESS BRIDGE

PENSTOCKS & INTAKE
EARTH EXCAVATION
ROCK EXCAVATION
CONCRETE
EQUIPMENT
PENSTOCKS

POWERHOUSE & TAILRACE
EARTH EXCAVATION
ROCK EXCAVATION
CONGRETE
EQUIPMENT

RESERVOIR CLEARING
RELOCATIONS
RESERVOIR FILLING
CLEANUP

LINCOLN SCHOOL DEVELOPMENT

DAM

SPILLWAY

POWER PLANT
RELOCATIONS
RESERVOIR CLEARING
CLEANUP

=N

W W E Installotion of additional

units

DICKEY & LINCOLN SCHOOL
CONSTRUCTION SCHEDULES

MARCH (964

AGT7-135
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CHAPTER V

LINCOLN SCHOOL PROJECT, SAINT JOHN RIVER REREGULATION

5=-01 FUHCTIOR OF LINCOLN SCHOOL

The average regulated flow from the Dickey powerplant would
be 4,370 c.f.s. with a maximum discharge of about 48,000 c.f.s.
In order that the Dickey discharge might be better controlled and
utilized a reregulating reservoir would be desirable. An ideal
site was found approximately 11 miles downstream on the Saint John
River at Lincoln School. Here a dam will be constructed, including
a powerhouse, that will impound the Dickey discharges and where
the discharge will be regulated for more effective use by existing
downstrean hyaroplants at Grand Falls and Beechwood, New Brunswick,
Coincidentally it will have the capability of generating power.

The general plan of the proposed dam is shown on Plate No. 9.

5-02 HYDROLOGY

The active storage capacity of 16,000 acre-feet at Lincoln
School would be sufficient for reregulation of the discharges from
Dickey on a monthly basis but not enough to régulate the flow from
the uncontrolled drainage area. The controlled average outflow from

Lincoln School would equal the regulated flow from Dickey plus the
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minimum flow, 200 ce.f.S., from the uncontrolled drainage area of 1,361
square miles. The 2,900,000 acre~foot active storage, 40-foot maxi-
mum drawdown, at Dickey wuld permit a regulated average flow of 4,370
cefess after deducting 50 c.f.s. for evaporation and leakage. Thus
the regulated average flow from Lincoln School would be 4,570 c.f.8.
The tailwater rating curve for natural conditions at the Dickey
site shows that the head loss between the two sites would be negli-
gible, even when the Lincoln School pool is drawn down. The pool
level at Lincoln School would vary from a maximum of 605 feet to a
minimum of 597 feet above mean sea level. Area and capacity curves
detérmined from U. S. Geological survey quadrargle maps, scale

1:62,500, are shown on Plate No. 10.

5-03 RESERVOIR

The Lincoln School reregulating reservoir would extend 11 miles
upstream on the Saint John River to the Dickey Dam and up the Allagash
River to the Dickey spillway discharge channei, as shown on Plates
Noe 5 and No. 6. It wuld have an area of 2,200 acres at full pool

elevation of 605 feet above mean sea level,

5-04 EMBANKMENT

Because rock is deeply buried below the bed of the river, an
earth dam is the most economical structure. The top of the embank-
ment was set at elevation 620 to provide 15 feet of freeboard over

the maximum normal operating pool level and spillway design flood

76



pool level, which are at the same elevation. A 60=-mile wind from
the direction of maximum fetch (SW, 13 miles) would result in 3.5
foot high waves which would ride up S5 feet on the upstream slope.
There would remain 10 feet of freeboard above the level of wave
action,

The design of the earth embankment is similar to that used by
the I.J.C. for the Lincoln School project. Plate No. 9 shows a

typical embankment section.

5=05 RIVER DIVERSION

It is assumed that construction of the Dickey Dam would be
started in advance of the Lincoln School Dam so that the Dickey
reservoir would be available to control floods from its drainsge
area., In this case, the flood discharge at the Lincoln School site
during construction would be only the discharge from the uncontrolled
drainage area. On the other hand, construction of Lincoln School
Dam might be scheduled to start some time after two units have been
installed in the Dickey powerhouse. In the latter case, the dis~
charge from two units, 10,000 c.f.5., would be added to floods
from the uncontrolled area. The record spring flood on the Alla-
gash River is 28,800 c.f.s. from a drainage area of 1,260 square
miles., On the basis of drainage area ratios, it is estimated that
the maximum discharge from the total uncontrolled area of 1,361

square miles was 31,300 c.fes. The totdl estimated discharge to he

passed at the Lincoln School site would thus be 41,300 cefes.
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It is planned that the river would be diverted initially over
the partly completed powefhouse foundation and later over the ':spill-
way. The powerhouse, Plate No. 9, wuld be constructed in tw stages,
the first of which would consist of the imtake up to its final eleva-
tion, and the powerhouse substructure to the bottom of the spiral case,
Piers wuld be constructed above the drafi tube outlet. Closure of
the main embankment across the river channel would be initiated by a
rockfill cofferdam upstream which would force the river flow through
the partidlly comple ted powerhouse. The discharge capacity of the
powerhouse would be 41,300 ¢.f+5. with the pool at elevation 562,
which would pass the record spring flood from the uncontrolled area,
31,300 c.f.5. plus the discharge from the Dickey powerhouse, 10,000
Cefese |

On completion of the main embankment and the spillway, the
headgates and downstream bulkheads would be installed in the power-
house ares, tk.xe area pumped out, armd the powerhouse construction
resumed. After closure of the headgates, the pool would have to rise
from about elevation 540 to elevation 580 (5 feet above spillway crest)
before the river flow could be passed over the spillwsay 'in sufficient
quantity for downstream requirements. Since only 13,000 acre-feet
would be involved in this operation, it might be advantégeous to
draw on Dickey storage to raise the pool rapidly, If desired, some
flow could be released through the intake gates during the filling
operation,
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In view of the foregoing, and the low head at the project, plus
the fact that all releases for reregulation could be made through the

spillway , no low-level outlets are planned.

5«06 SPILLWAY
The spillwsy would be designed to meet the following requirements:
a. It must pass river flows while construction of the power-
house is being completed.
b. It must, together with the powerhouse, reregulate the
discharge from the Dickey powerhouse, and pass flood flows in excess
of the capacity of the Lincoln School powerhouse.
ce It must pass the spillway design flood.
The spillway design flood for the Lincoln School spillway was
computed by adding the ordinates of four hydrographs shown on Plate
No. 10 and described as follows:

a. Dickey Powerhouse Discharge. - The power output at Dickey

required to supplement the Passamaquoddy output is shown on Figure 9
of the report of the Department of the Interior dated July 1963. The
load pattern of the first Wednesday was followed, assuming a maximum
lcad of 760,000 kilowatts from & to 6 P.M. The average discharge for
each hour of the day was computed. For simplicity, it was as=sumed
that this pattern of discharge would repeat daily during the spillway

design flood.
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be Dickey Spillway Discharge. -~ The spillway design flood

inflow was routed through Dickey reservoir, assaming powerhouse dise
charge as described above, to obtain the Dickey spillway discharge.

ce Upper Allagash. = The flow from the upper Allagash drainage

area of 720 square miles, which is completely regulated by lakes, was

assumed to be 6,000 c.feS.

de Lower Allagash Plus lLocal . - The hydrogragh representing

runoff from the lower part (540 sq. mi,.) of the Allagash drainage

area is shown on Plate 12-6, of Appendix 6, of the International
Passamaquoddy Engineering Board's report, dated October 1958, It

was assumed that the runoff from the local area of 101 square miles
wuld follow the same pattern. Therefore, the ordinates of the hydro-
graph were increased by the ratio of the drainape areas to represent
the runoff from the lower-Allagash-plus-iocal drainage area of 641
square miles,

During the design flood, the spillway would be operated sc as
to reregulate the flow from the Dickey powerhouse as shown on Plate
No. 10. The average flow from the Dickey powerhouse would be 6,225
co.f.s5. The regulated outflow would be equal to the sum of flood
inflows plus this amount as shown by the dashed line. The pool ele-
vation wuld vary between 802.5 and 605.0, as showne

The spillway would consist of an approach chamnel, a control
structure, a chute, a stilling basin and a discharge channel as

shown on Plate No. %
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The control structure wuld be a gated spillway having four
30- by 40-foot Taintor gates. Its discharge capacity would be 100,000
cefss. at full pool, which is 8 percent more than spillway design
discharge.

The chute would have a relatively level grade for a distance
of about 250 feet, on which wvelocities womld be faster than critical.
This length was selected for economy of excavation. The flat chute
‘would be followed by a steep chute down into the stilling basin.

The stilling basin would be designed to produce a hydranlic
Jjump to safely dissipate the energy of the water. It would be pro-
vided with tw rows of baffle blocks and an end sill to stabilize
the jump. An excavated channel would convey spillway discharges

back to the Saint John River.

5«07 POWERHOUSE

The powerhouse would be intepral with the intake struciure and
wuld be located on the left bank of the river in an excavated channel
as shown on Plate No., 9.

The generalproject considerations, previously described, estab-
lished the minimum net head as 56 feet, rated net head as 81l feet, and
the maximum net head as 67 feet. The plant dependable capacity of
34,000 kilowatts would be required at the minimum net head of 56 feet
with the turbines operating at full gate. The plant was sized on the
basis of the regulated flow of 4,570 c.f.s. and a 60 percent load

factor. Preliminary studies made by I.J.C. for Kaplan and fixed-blade
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propeller«type turbines in 1=, 2=, and 3-unit plants indicated that

a2 2=unit plant with Kaplan type turbines would be most favorable.

Each of the two turbines would be rated at 25,900 h.p. at full gate,
with a head of 61 feet and a speed of 138.,5 r.psms Each generator
would be rated at 90 percent power facter, a 60°C rise at 18,900 kv.-a.
and an 80%C rise at R1,700 kv.~a.

The powerhouse would bhe of the indoor type. Units would be on
S55=~foot centers with a 70-foot assembly and station service area pro-
vided at the southeast end of the plant. Access level would be at
elevation 5530, which movides a freeboard of 5 feet above spillway
design flood tailwater. The one main power transformer would be
located on the tailrace deck, elevation 550. Generators would be
located at elevation 560, Scroll case and draft tube access galleries
would be provided at elevations 533 and 516.5 respectively. The
scroll case would be of formed concrete with centerline at elevation
537 »

Conventional mechanical equipment and electrical systems normélly
included in powerhouses of this type would be provided. One, 3-phase,
43,400 kv.-a. transformer would serve both generators through 13.8 kv.
air circuit breskers. The transformer would be connected to the
230,000-volt transmission line through a conventional switchyard.
Governors and switchboards would be located between the units at
elevation 5680. This area would serve as the station control room.
Station service power supply would be from two transformers connected
to terminals of the generators.
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5=08 ROAD NETS

Construction of the Lincoln Schoeol project will irelude some
changes to existing roads, as follows:

Access to timberlards east of Little Black River, blocked by the
Dickey reservoir, would be provided by a road on top of Lincoln School
Dam to the north side of Saint John River and thence to the proposed
Falls Brook dike, as shown on Plate No. 9. Access to the powerhouse
is by service road from Highway 161 to the south end where the maine
tenance area is located.

Portions of State Route 161 between Lincoln School and the
Dickey damsite, which wuld be imundated by the Lincoln School reser-
voir, would be relocated on higher ground as shown on Plate No. 5.

THe power pole line of the Maine Public Service Company and the Fort
Kent Telephone Company pole line would reaxire relocation along with

Highway 161.

5-09 LANDS AND DAMAGES

In addition to the land acquired for the Dickey Dam work area,
there are about 2,150 acres of land and improvements that would bhe
recquired at elevation 605, plus a 300-foot buffer and access strip.
The estimate for the acquisition of this land is in the cost schedule
of Lincoln School. A logway is provided at the Lincoln School Dam

to provide for passage of timber and pulpwood.
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5«10 SERVICE FACILITIES
Joint service facillties will be provided for the Dickey and

Lincoln School projects and would be lecated at Dickey,

5=11 OPERATION AND MAINTENANCE

The operating staff at Dickey would be responsible for the

operation and maintenance of Lincoln School,

5=12 CONSTRUCTION SCHEDULE

Construction of the Lincoln School project would begin after
the Dickey Dam had been raised to sufficient height to control flows
from the Saint John River. Seqience of construction is shown on

Schedule 3 accompanying Chapter IV of this report,
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GHAPTER VI
FLOOD CONTROL AND RECREATION

=01 FLOOD CONTIROL ON SAINI JOHN RIVER

Snowmelt, sometimes in combimation with rainfall, annually pro=-
duce spring floods along the Saint John River. The areag, being sparsely
settleds haé not been exposed to significant damages with the exception
of Fort Kent located about twenty-eight miles downstream of the Dickey
Dam. The Fort Kent urban area has experienced seven consequential
floods during the past 36 years of recard. Two of the largest floods
have occurred within the past five years, the most damaging being in
1961 a recurrence of which would cawse damages at today's prices of
$450,000,

Damages at Fort Kent start at a river discharge of 100,000 c.f.s.
The 1861 discharge was 131,000 c.f+s. Inasnuch as the Dickey Dam con-
trols 47.5% of the comrimting drainage areas, impoundment of flood
waters wuld reduce discharges to well below the zero damage stage.

The alternate method for prevention of damages, without reservoirs,
would be by a local protection project. A recent study investigation
by the New England Division, Corps of Engineers in 1963 indicated that
such a project would cost $1,080,000. Dickey Dam makes such a project
unnecessary and results in average anrmal benefits at Fort Kent of

$40,000,
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6=-02 INCIDENTAL CONSTRUCTION FOR RECREATION

Plans for constrmction of facilities at the Passamaquoddy pro-
Ject for the convenience of wvisitors are‘as followss

A parking area for visitors would be provided at Powerhouse Nos 1.
A parking area and picnic grounds would be provided at Carlow Island.

A vigitors gaileny and exhibit area would be provided in the tidal power-
houses. The service roads to the tidal dams, locks, and gates could be
used by visitors to obtain an over-all view of the tidal project. It

is expected that sightseeing'tours would be conducted by suitable mem-
bers of the operating staff.

Plans for recreation facilities at the Dickey reservoir consist
of a camping area and béat-launching ramps. They would be located on
the east side of the Campbell Brook amm of the Dickey reservoir adja=-
cent to the proposed ferry landing as shown on Plate No. 5. The 30~
acre camping area would be cleared of underbrush, campsites laid out,
gravel roads constructed, and toilet and water provided. A ramp for
small boats would be constructed. Access tb the area would be pro-
vided by a new road about 2.7 miles long which would connect to the
existing roads along the Allagash River. Picnic areas will be scat-

tered throughout the reservoir,

6=03 TIDAL PLANT FISHWAYS
Pléns of the tidal powerhouses, Plate Nos. 1, 2, and 3, indicate

fishways to provide for the passage of eastern salmon, shad and alewlives.
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This i5s in accordance with the desires of the anthorities interested
in sport fishing ard wildlife. The fish ladders and collection

galleries are similar to those shown in the I.J.C. report.
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CHAPTER VII
COST ESTIMATES

7-01 GENERAL

This chapter covers the estimates of cost, as of Jamuary 1964,
of the Passamaquoddy Tidal Power Project together with the proposed
hydroelectric awdliary plant on the Saint John River at Dickey,
Maine., The layout and design of the tidal project remains the same
as proposed in the 1959 report to the International Joint Commission
with the exception of the powerplamt, which is based con the use of
inclined turbines and generators instead of the vertical type. The
powerplant proposed in 1959 comprised thirty 10,000 kw. units for a
total installed capacity of 300,000 kw. In this report four sizes
of powerplants are proposed for study, namely thirty, fifty, seventy
and one hundred units of 10,000 kw. each, with the thirty or fifty
units located in Powerhouse No. 1 and the additional capacities to
make up the seventy or one hurdred units in Powerhouse No. 2.

The proposed dam at Dickey, together with the reregulating dam
at Lincoln School, comprise new layouts as required by the concept
of developing pesking power and the preservation of the Allagash

River as a white-water recreational area.

7-02 BASIS OF ESTIMATES
The estimates herein have been prepared to provide usability
in economic analysis of the ultimate plan of development and

incremental units thereof.
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Four separate estimates have been prepared for the Passama-
quoddy Tidal Power Project. The dams, gates, and navigation locks
are common to each and are therefore the same in each, except for
amount of excavation available for dams. The variation is appli-
cable to the powerplant and the headrace and tailrace required.

At Dickey there are four separate estimates based on instal-
lations of 190, 380, 475, and 760 megawatt installations. The
estimate for the 190 . installation includes the dam, outlet works,
spillway, closure dikes, the powerhouse for the ultimate development
of 760, but the installation of only two turbines and generators
(2 @ 95 mw.) together with two penstocks and necessary auxiliary
equipment. The variation of the other estimates results from the
ineremental addition of subsequent turbines and generators to the
base installation,

The Lincoln School estimate is predicated on total construc-

tion at one time.

7=-03 CRITERIA FOR UNIT COSTS

Unit costs that make up the various elements for the project
have been developed on current construction knowledge and information.
The unit costs used in the I.J.C. report of 1961 developed from de-
tailed research have been carefully reviewed and have been utilized
as far as possible subject to necessary adjustments due to changes
in the costs of equipment, materials and of rates of wages, as well
as in the contimuing economy of more efficlent construction machinery

and methods of construction operations.
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The labor rates used as a basis for the cost estimates are the
rates that it is believed a céntractoi‘ would be required to pay even
though they may be higher than prevailing rates of wages in the local-
ities. A typical 1list of such wages are listed in Appendix IT,

Table 1.

Ownership rates of construction equipment have been revalued

based on a long service concepht on large projects. Typical rates of

Jand and marine equipment are listed in Appendix II, Table 2.

7«04 PROJECT FEATURES

The designs of the tidal plant remain the same as in the 1961
I.J.C. report except for the powerplant which is based on the concept
of inclined turbines and generators. However, saince thé amount of
excavated rock for the proposed powerplants will vary from the 30-unit
plant in the I.J.C. report, the costs of the tidal barriers will be
changed due to the necessity of having more usable rock and thus re-
quiring less material from expensive borrow areas.

Materials obtainable at the proposed Dickey damsite are some-
what different from those found at the I.J.C. report location of Rankin
Rapids. Sources of materials for the dam are based on an average
hanl of 2-1/2 miles; concrete aggregates as well as select armor stone
are to come from Deboullie Mountain, a distance of about 18 niles,
and imported materials and emipment are expected to arrive by rail

to Saint Francis and thence by resirengthened highway to the site.
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7-05 CONTINGENCY ALLOWANCE

An allowance for contingencies is commonly made in estimating
project costs to allow for unforeseen conditions that may arise during
the consiruction. The uncertainty about site conditions is greater
than the variation in quoted prices for equipment from mamifacturers.
For installed eqiipment items, the allowance is carried at10%. For
all remaining constructicn items, the contingency allowance is carried
at 15%. The percentage is applied Lo the sum of direct, indirect,

distritutive and overhead costs.

7=06 GOVERNMENT COSTS

‘The allowance for government costs which cover engineering,
design, supervision, inspection and administration, have been in-
creased from that used in the I.J .G. report, which was a straight 9%.
A study of major government contracts for similar type project-s indi-
cate a higher average coste. This allowance, therefore, has been in-
creased to 12%, except for the costs of powerplants where the allow=
ance will remain at 9%. This 9% is being used on these structures
due to the repetitive nature of the work of design which should show
3 saving in the cost. The percentage for government costs is applied

to the sum of the construction costs and contingencies.

7-07 TIDAL POWER PROJECT

The estimate that follows is made up by computation of costs

based on present day unit prices applied to the quantity surveys.

92



The estimate contemplates the use of excavated materials to the maxi-
mum extent possible. Further breakdown is given in Tables 3 to 6 of
Appendix II., It will be noted that the construction schedule indi-
cated in Chapter III is essentially the same as the one in the I.J.C.
report of 1961, The description of construction operations by fea-
tures is also the same as in the I.J.C. report. Necessary changes
and sdditions to all features are made as entailed by the larger
number of units. Powerhouse No. 1 includes the 300 mw. and 500 mw.
plants and Powerhouse No. 2 the additional units for a total of

700 mw. and 1,000 mw. installstion, As it is contemplated that
Powerhouse No., R will be a later stage of construction, the excavation
therefrom has been wasteds In the estimates that follow the main
power transformers are included in the powerhouse costs and have
heen deducted from switchyard costs supplied by the Department of
the Interior. Separate estimates are given for the various sizes

of powerhouse in Appendix II, Tables 3 to 6. The project features
that are common to g1l sizes of powerhouse are estimated in Appen-
dix 11, Tables 7-19 inclusive. Those common feature items that

vary somewhat because of powerhouse size are given for a 500~-mw,
plant, they are Table 14, Dams; Table 16, Fishways; Table 17,
Service Facilities; Table 18, Relocations and Table 19, Lands and
Damages. The increase or decrease from the 500-mw. plant is included

in the cost estimate for the various sizes of project powerhouse.
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Item
Powerplant
Switchyard
Filling Gates
Emptying Gates
Locks
Dams
Lubec Channel
Fishways
Service Facilities
Relocatlions

Lands and Damages

Subtotal

Contingencies

Subtotal

Engr., Design, Super-
vision & Administra=-

tion

TOTAL FIRST COST

ESTIMATE OF COST
TIDAL POWER FROJECT

Cost in Thousands

Installed Capacities

300-MW 500-¥W 700-MW 1,000-Md
$119,189 $204,491 $302,287 $427 ,162
1,780 2 4370 3,160 34950

62 ,634 62,634 62 4634 62 ,634
57,627 57,627 57 4627 57 ,627
18,917 18,917 18,917 18,917
77,309 63 ,664 64,454 64 4454
634 634 634 634

888 1,298 1,748 2,324
1,670 1,870 2,070 2 4470
34929 4,931 7 4431 9,631
1,870 1,870 1,960 2,030
$346,447 $420,306 $522,922 $651,833
49,520 58,967 72,728 89,616
$395,967 $479,273 $595 ,650 $741,449
43,478 50,581 61,221 74,482
$439 ,445 $529,854 $656,871 $815,931
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7-08 DICKEY PROJECT
a. General.

The dam and powerplant at Dickey are generally of a conven-
tional river hydroelectiric pattern. The construction is adapted to the
terrain making full use of naturalmaterials avallable locally. Access
is by Maine State Highwgy Route No. 161 which would terminate at the
project site., Areas for the comractor's work area would be on the
right bank of the Saint John River above the Allagash River. The real
estate included in the project costs would provide ample area for ware-
houses, garage, shops and minimum housing for Govermment operators and
mal ntenance staff,

b. Reservoir Clearing.

There are about 81,000 acres of forested land.within the
Dickey and Lincoln School reservolr area. The present estimated value
of stamding wood growth is approximately the full value of the wood-
land area. The residual land value is low. If‘the timberland acquisi-
tion is completed in the first part of the construction period, then
the full standing value of the wood growth would be realized and would
be sufficient to cancel cost of reservoir clearing. In the actual
work, there may be scheduling difficulties that would prevent full
realization of the standing growth value, or the timber may be cut
off by owners, which would reduce the cost of the land but leave a
clearing operation necessary. A sum is carried in the estimates for

clearing which reflects reduction for the standing wood growth.
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ce Estlimate of Cost,

The detailed estimste of cost is shown in Appendix II,
Table 20, It is based on the initial development of 2 = 95,000 kw,
units, The switchyard costs furnished by the Department of the
Interior are reduced by the estimate for main transformers, which
are included with the powerhouse costss The Department of the
Interior requested that the construction cost estimate provide for
the ultimate development of 8 units, but further, that the cost of
building the powerplant in increments of 2, 4, 5 units be shown in
the estimate., Accordingly, the cost by incremerts is provided.
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ESTIMATE OF GOST
DICKEY PROJECT

Cost in Thousands

Installed Capacity

Iten 1000 30MM TS 760-MM
Lands and Damages $ 4,469 $ 4,400 $4,469 $4,469
Rel ocations 1,363 1,363 1,363 1,363
Reservoir Clearing 2,000 2,000 2,000 2 ,000
Dams 7R ,919 72,919 72,919 72,919
Penstocks 3,62L 742L9 9,062 14,503
Powerplant 28,551 39,003 44,591 80,229
Switchyard 1,583 1,940 2,787 3,466
Buildings, Grounds 580 580 560 580

& Facilities
Access Roads 728 728 728 728
Subtotal $115,777 $150,321  $138,479  $160,237
Contingencies 16,935 18,691 19,700 RR gL
Subtotal $132,712 $149,012 $158,179 $182,558
Engineering, design, 14,954 16,559 17,476 19,880
supervision and
administration
PROJECT FIRST COST $147,666 $165,571  $175,655 $202,438
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7-09 LINCOLN SCHOQL PROJECT
The Lincoln School reregulating dam would be built during the
latter part of the construction period of the Dickey Dam. It would

\
be started when the dam at Dickey is high enough to control river

flows The estimate for Lincoln School 1s given belows

ESTIMATE OF COST
LINCOLN SCHOOL PROJECT

Item Cost in Thousands
Lands and Damages $ 400
Relocations 1,238
Reservoir Clearing 40
Dams 4,323
Powerplant 6,290
Switchyard 387
Buildings, Grounds and Facilities | 208
Access Roads 50

Subtotal $12,936
Contingencies L7768

Subtotal ' ? $14,712
Engineering, Design, Supervision

and Administration 1,553
FROJECT FIRST COST $16,265
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7«10 ANNUAL MAINTENANCE AND OPERATION COSTS

The yearly operation and maintenance costs for the Tidal Project

are estimated as follows:

300 mw 500 mw 700 mw 1,000 mw
$1,126,000 $1,340,000 $1,540,000 $1,910,000

The yearly operation and maintenance costs for the Dickey and
Lincoln School Projects combined are estimated to bes

190 mw 380 mw 475 mw 760 mw

For units at Dickey
$400,000  $580,000 $670,000  $940,000

Lincoln School Project would be an automatic station and be operated

and maintained from Dickey.

7-11 ANNUAL COST OF MAJOR REPLACEMENTS
The estimated cost of yearly replacememts is computed assuming

that about 25% of the major eqipment will be replaced every 30 years.

Tidal Project

500 mw 500 mw 700 mw 1,000 mw
$333%,000 $508,000 $693,000 $970,000

Dickey Project

190 mw 380 mw 475 mw 760 mw
$38,100 $74 ,200 $22,000 $145 ,000

Lincoln School Project

- 34 mw

$12,800
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7-12 INTEREST DURING CONSTRUCTION

A3 reqiested by the Department of the Interior a brief analysis
was made of the proposed construction schedules to determine the approxie
mate amount of funds needed per year %o prosecute the work. Based on
the interest rate of 3% the total interest required during the construc-
tion perlod is given beiow.

Tidsl Power Project

300 mw 500 mw 700 mw 1,000 mw

$33 ,225,000 $39,267,000 $45 ,966 ,000 $53 ,824,000

Upper Saint John River Development

Dickey Project

190 mw 580 mw 475 mw 760 mw
$6,500,000 $7 ,036 ,000 $7,337,000 $8,128,000

Lincoln School Project

$480,000
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T-13 ADDED COST ESTIMATE IF TURBINE HUB IS LOWERED 5 FEET FOR
REVERSE PUMPING

It should he noted that when the turbines and water passages of
the tidal power units are lowered 5 feet, the sidewalls of the draft
tube of the power units would be increased from 6'-0" to 6'-6" making
the spacing of units 63'-0" in the tidal powerhéuse. The estimates
are for lowering all 50 units of one tidal powerhouse. Thesge esti-
mates are to be added to powerhouse estimate given elsewhere in this
report, if pumping is selected for operation.

The following estimate is based on using the draft tube gate
guides for the trashracks. A trashrack in three sections would be
provided for each opening. The racks would be stored in an enlarged
slot over each opening and would e placed in the draft tube openings

each time the units are pumping.

Excavation 440,000 c.y. 1.90 $ 836,000
Concrete, lowering maln _
powerhouse 45,000 c.y. 49.00 2,205,000
Concrete, extend powerhouse
to provide rack slots 27,000 ec.y. 49.00 1,323,000
Trashracks (100) ea. L.S. 1,700,000
Draft Tube Gentry Cranes {2) L.S. 120,000
Dogging Devices L.8. 30,000
Grating L.Ss. 100,000
Machinery Modification (L%) 2,987,000
Subtotal $ 9,301,000
Contingencies 1l C00
$10,696,000
Engineering, design, superv. & admin. 1,284,000
TOTAL ADDED FIRST COST - $11,980,000
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7-13 ADDED COST ESTIMATE IF TURBINE HUB IS LOWERED 5 FEET FOR
REVERSE PUMPING (cont‘d)

Interest during construction is estimated to be $900,000 which
added to the construction first cost would give a total added invest-
ment cost of $12,880,000.

The yearly added cost of operation, melntenance and replacements
for one 50-unit tidal powerhouse is estimated to be $62,350.

Automatic lifting and lowering devices for trashracks would be
investigated during the design stage of the project. Further investi-
getion of riparisn damsges would alsoc be necessary if reverse pumping
maintains a high elevation upper pool and a low elevation lower pool
for a period of one to several days, since holding of water levels

might affect daily business activities.
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' SUPPIEMENT TO JULY 1963 REPORT

THE INTERNATIONAL PASSAMAQUODDY TIDAL POWER PROJECT
AND
UPFER SAINT JOHN RIVER HYDROELECTRIC POWER DEVELOPMENT

ENGINEERING REPORT

DRAWINGS
Plate No, Title
1 TIDAL POWER DEVELOPMENT, GENERAL PLAN, EASTPORT, MAINE
2 TIDAL POWER DEVELOPMENT, POWERHOUSE, GENERAL PLAN,
TYPICAL MAIN UNIT BAY
3 TIDAL POWER DEVELOPMENT, POWERHQUSE GENERAL ARRANGEMENT
4 TIDAL POWER DEVELOPMENT, POWERHOUSE NO. 2, PLAN AND RECORD
OF EXPLORATIONS

5 DICKEY AND LINGOLN SCHOOL, RESERVOIR MAP

6 DICKEY DEVELOPMENT, GENERAL PLAN

7 DICKEY DEVELOFMENT, EMBANKMENT—SPILLWAY-INTAKE,
PROFIIE AND SECTIONS

8 DICKEY DEVELOPMENT, POWERHOUSE-DAM-SPILIWAY,
PLAN AND SECTIONS

9  LINCOLN SCHOOL DEVELOFMENT, POWERHOUSE-DAM-SPILLWAY,
PLAN AND SECTIONS

10 DIGKEY AND LINGOLN SCHOOL, HYDROLOGY

11 DICKEY DEVELOPMENT, PLAN OF EXPLORATIONS

12 DICKEY DEVELOPMENT, DICKEY DAM~FALLS BROOK DIKE,
GEOLOGIC SECTIONS

13 DICKEY DEVELOPMENT, UPPER DAMSITE, GEOLOGIC SECTIONS

14 DICKEY DEVELOPMENT, RECORD OF FOUNDATION EXPLORATIONS
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APPENDIX 1

ARMY-INTERIOR ADVISORY BOARD ON

PASSAMAQUODDY AND UPPER SAINT JOHN RIVER

Name

W. E. Johnson, Chalrman

H. C. C4 Weinkauff

F. L. Thrall

J. W. Leslie

M. D. Dubrow

N. B. Bennett

J. E. Guidry

Position and Agency

Chief, Engineering Division
Directorate of Civil Works
Office of the Chief of Engineers
Department of the Army
Washington, D. C.

Chief, Planning Division
Directorate of Civil Works
Office of the Chief of Engineers
Department of the Army
Washington, D. C.

Engineer, Multiple Use Coordination
Branch

Directorate of Civil Works

Office of the Chief of Engineers

Departmert of the Amy

Washington, D. C.

Chief, Engineering Division

U. 5. Army Engineer Division,
New Englamd

Wal tham , Massachusetts

Assistant and Chief
Engineering Research Advisor
Department of the Interior
Washington, D. C.

Assistant Commissioner
Bureau of Reclamation
Department of the Interior
Washington, D. C.

Engineer, Office of Assistant

Secretary for Water and Power
Department of the Interior
Washington, D. C.
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ARMY-INTERTOR ADVISORY BOARD ON

PASSAMAQUODDY AND UPPER SAINT JOHN RIVER

Namse

Bor P. Bellport

F, 8. Brown

D, A. Portner

T. W. Barry

M. Kaplan

R. Barlow

A. Giambusso

J. W. Roche, Secretary

{ continued)

Position and Agency

Chief Engineer

Bureau of Reclamation
Department of the Interior
Denver, Colorado

Chief Engineer
Federal Power Commission
Waghington, D. C.

Deputy Assistant Administrator

- for Industrial Analysis

Business and Defense Services
Administration

Department of Commerce

washington’ D. Co

Resources and Civil Works Division
Burea: of the Budget

Executive Office

Washington, D. C.

Council of Economic Advisers
Executive Office
Washington, D. ‘C.

Office of Science and Technology
Executive Office
Washington,D. C.

Atomic Energy Commission
Washington, D. C.

Engineer, Policy and Legislative
Branch

Directorate of Civil Works

Office of the Chief of Engineers

Department of the Army

Washington, D. C.
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APPENDIX I

Table 1
WAGE RATES

Listed below are the wage rates for key positions that have been
used for the cost estimates in this report.

Classification Rate Per Hour
Crare & shovel cperators $ 5410
QOilers 3465
Carpenters 2475
Cement masons 4,00
Iron workers, structural 4445

" n s reinforecing 4,15
Truck drivers, heavy equip. ReR5
Laborers 200
Dipper dredge operstor 3.93

" " deck hand 2.4

Table 2

CONSTRUCTION EQUIPMENT RATES

The ownership rates of typical pieces of construction equipment
used as a basis for the cost estimates are listed bélow.

Ownership Rates

Land=based Equipment per 8=Hr./Day
Air compressor, diesel, 900 cfm $ 32
Wagon drill, 4" 18
Crane, 30~ton diesel 55
Shovel, 4 c.y. diesel 172
Bulldozer, R00 HP T2
Truck, 35 Cuy. 120
" 15 caYe. 60
‘ Ownership Rates
Marine Equipment per R4~Hr./Day
Derrick lighter - 25«ton, 23 c.ye $ 300
Dipper dredge, 15 Ca¥. %500
Hydraulic dredge, 28-inch ' 3,000
Dump scow, 1,500 cu¥e 250
Tow boat, 450 HP 250
" ® 900 HP 400
Work or fuel boat, 150 HP 80

1I-1



1,

APPENDIX II
Table 3

TIDAL POWER PROJECT - 300 mw

Unit
Ltem Quantity  Unit Price Amount
POWERPLANT - No. l-
300 mw
a, Cofferdams L.s. $ _ 7,250,000
b. Excavation
(1) Earth
(a) By hydraulic
dredge 16,000,000 ¢y .60 9,600,000
(b) In dry 980,000 ¢y  1.00 980,000
(2) Rock 5,840,000 ey L1.90 11,096,000
Excavation $ 21,676,000
c. Powerhouss L.S. 30,L4L47,000
d. Intake gates L.S, 1,679,000
e. Draft tube gates L.S. 1,574,000
f. Turbines and generators L.S, 18,9L9,000
g. Accessory elect. equip . L.Se 5,271,000
h., Misc. powerplant equip. L.S. 1,593,000
i, Power transfarmers L.S. 750,000

TOTAL POWER PLANT

SWITCHYARD ~

LETITE PASSAGE FILLING GATES (Table 7)

WESTERN PASSAGE FILLING GATES (Table 8)

HEAD HARBOUR EMPTYING GATES (Table 9)

LOCKS {Tables 10-13)

DAMS
a., Cost for 500 mw - P.P, (Table 1) L.S,.
b. Extra cost to borrow 10,660,000 1.28

TOTAL DAMS

II-2

$ 119,189,000
$ 1,780,000
27,472,000

$

$ 35,162,000
$ 57,627,000
$

18,917,000

$ 63,664,000
13,645,000

$ 77,309,000



8.

10.

11.

12,

Table 3 - Continued

Item Quantity Unit

LUBEC CUANNEL (Table 15)

FISHWAYS
a. Powerplant (Table 16 mod.)
b. Head Harbour empty-

ing gates (Table 16)

Amount
$ 63h,000
616,000
272,000
TOTAL FISHWAYS $ 888,000

SERVICE FACILITIES (Table 17 mod.)

RELOCATTONS
a. Relocations in United States
(1) Roads and bridges
(a) Highways
{(v) Railrnad
(¢) Highway and railroad
bridge (Table 18 mod.)
Roads and hridpes

(2) Waterlines

(3) Tel. and tel. lines

(L) Electric lines

(5) Cemeteries

(6 U. S. Coast Guard

(7) International boundary monuments

Relocations in United States

b. Relocations in Canada
TOTAL RELOCATIONS

LANDS AND DAMAGES (Table 19)

SUB=-TOTAL
Contingencies

SUB=TOTAL

Engineering, design supervision & administration

PROJECT FIRST COST (300 mw)

11-3

$ 1,670,000

B g, 000
212,000

3,153,000

¥ S,EI§3065

6L, 000
30,000
55,000
2,000
250,000

10,000

$ 3,830,000
99,000

$ 3,929,000
1, 870,000

$ 3L6,Ll7,000

49,520,000

$ 395,967,000
43,478,000

$ L39,hk5,000



APPENDIX II

Table L

TIDAL POWER PROJECT = 500 mw

Item Quantity Unit

POWERPLANT - No. 1 - 500 mw

a, Cofferdams

be Excavation
(1) Earth
(a} By hydraulic
dredge 23,000,000

(b) In dry 2,000,000
(2) Rock 15,000,000
Excavation

ce Powerhouse
(1) Substructure
(a) Foundation

preparation 74,000
{(b) Concrete 926,000
(c) Water stops &

seals

(@) Misc. blockouts
(2) Superstructure
(a) Concrete 9,200
{(b) Steel and ironwork
1) Steel for roof
2) Crane rails 1,.83,000
3) Misc. items
(¢) Roof
(d) Architectural
features
{(e) Plumbing
{£) Heating &
ventilating
(g) Lighting
(n) Misc,

Powerhouse

II-4

c.y.
Ce¥e
Co¥e

Se¥e
CoYs

CaY¥e

1bs.

Unit

price Amount
LeSe $ 9,700,000
.60 13,800,000
1.00 2,000,000
1.90 28,500,000
$Lh, 300,000
4,00 $ 296,000
49,00  U45,37L,000
L.S. 305,000
L.S. 23,000
90,00 828,000
L.S,. 670,000
.20 297,000
L.S. 396,000
L. S. 350,000
L.S. 874,000
L.S. 229,000
L.S. 333,000
L.S. 556,000
L.S. 3,000
$50, 745,000



Table I} -~ Continued

Unit
Ttem Quantity Unit price Amount
de Intake gates
(1) Gates & guides L.S. § 1,026,000
(2) Trash racks &
stop logs L.S. 1,616,000
(3) Grating covers & ‘
frames L.S. 90,000
(L) Painting L.S. 672000
Intake gates $ 2,799,000
e, Draft tube gates
(1) Gates & guides L.S. $ 2,473,000
(2) Grating covers &
frames 1. S. 76,000
(3) Painting I.S. 75,000
Draft tube gates $ 2,624,000
fs Turbines and generators
(1) Turbines, governors,
speed increasers
& generators 50 ea. 1,608,200 $80,410,000
(2) Lube system LeSe 250,000
(3) Cooling system .S, 670,000
(4) Fire protection
system L. S. 2522000
Turbines and generators $81,582,000~

g« Accessory electrical
equipment

h, Misc. powerplant
equipment

II-5

L. S.

L.S.

$ 8,785,000

$ 2,656,000



2.

3.
L.
Se

Te
8.
9e
10.
1.

12,

13,

Table )} - Continued

Item Quantity Unit

i. Power transformers

SWITCHYARD

a, Circuit breakers

b, Disconnect switches
c. Grading, structures,

Unit

price Amount

I.Iu S.' s 1, 300,000
TOTAL PONER PLANT $20L,491,000

L. S, 557,000

L.S. 235,000

LS. 1,578,000

bus, etc,

TOTAL SWITCHYARD

LETITE PASSAGE FILLING GATES (Table 7)

WESTERN PASSAGE FILLING GATES (Table 8)

HEAD HARBOUR PASSAGE EMPTYING GATES (Table 9)

HEAD HARBOUR PASSAGE LOCK (Table 10)

WESTERN PASSAGE LOCK (Table 11)

LITTLE LETITE PASSAGE LOCK (Table 12)

QUODDY ROADS LOCK (Table 13)

DAMS (Table 1hL)

LUBEC CHANNEL (Table 15)

FISHWAYS (Table 16)

SERVICE FACILITIES (Table 17)

II-6

$ 2,370,000
$ 27,472,000
35,162,000
57,627,000
7,172,000
6,943,000
1,756,000
2,746,000
63,661,000
634,000
1,298,000

1,870,000



Table 4 « Continued

Unit

Item Quantity Unit Price Amount
14. RELOCATIONS (Table 18) $ 4,931,000
15, LANDS AND DAMAGES (Table 19) 1,870,000
SUB=TOTAL $ 420,306,000
Contingencies 58,967,000
SUB-TOTAL $ 479,273,000
Engineering, design, supervision & adaninistrat;op - 50,581,000

PROJECT FIRST COST (500 mw) $ 529,854,000

I1-7



APPENDIX IT

Table 5

TIDAL POWER PROJECT - 700 mw

a, Fror 500 mw project (Table 1L)
b, Bar Harbor Dam

TOTAL DAMS

II-8

Unit
Ttem Quantity Unit Price Amount
POAERPLANT
a., Powerplant No. 1 - .
500 mw (Table L) -$20l, 491,000
b. Powerplant No, 2 =~
200 mw
(1) Cofferdams L.S. 9,700,000
(2) Excavation
(a) Earth
1) By nhydraulic
dredge 8,800,000 ¢y .60 5,280,000
2) In dry 1,000,000 cy 1,00 1,000,000
{b) Rock
1) In dry 9,800,000 ¢y  1.90 18,620,000
2) Underwater 200,000 cy 15,00 3,000,000
Excavation $ 27,900,000
(3) Powerhouse and equipment 60,196,000
| Powerplant No. 2 - 200 mw 97,796,000
R TOTAL POWERPLANTS - 700 mw $302,287,000
SWITGHYARD $ 3,160,000
 FILLING GATES (Tables 7-8) $ 62,634,000
EMPTYING GATES (Table 9) $ 57,627,000
LOCKS (Tables 10-13) $ 18,917,000
DAMS |

$ 63,66l,000
790,000

$ 6h,L5L,000



Te
8.

D

10.

11,

Table 5 - Continued

Unit
Iten Quantity Unit Price Amount
LUBEC CHANNEL (Table 15) $ 63h,000
FISHWAYS
a. For 500 mw project (Table 16) $1,298,000
b. For PH #2 - 200 mw 150,000
TOTAL FISHWAYS $1,7L8,000
BERVICE FACILITIES
a, ror 500 mw project {Table 17) 1,870,000
b, For 200 mw addition 200,000
TOTAL SERVICE FACILITIES $2,070,000
RELOCATIONS
a, For 500 mw project (Table 18) 14,931,000
b. For 200 mw addition
%l) Highway and railroad bridge 2,250,000
2) Highways 150,000
(3) Waterlines 100,000
~ TOTAL RELOCATIONS $7,431,000
LANDS AND DAMAGES
a, For 500 mw project (Table 19) $1,879,000

b. For 200 mw addition
TOTAL LANDS & DAMAGES
SUB-TOTAL

Contingencies
SUB-TOTAL

kngireering, design, supervisicn & administration

PROJECT FIRST COST (700 mw)

II=9

90,000

$1,960,000
$522,922,000

72,728,000

$595,650,000
61,221,000

$656,871,000



1.

APFENDIX II

Table 6

TIDAL POWER PROJECT ~ 1000 mw

Unit
Item Quantity Unit Price Amount
POWERPLANT
a, Powerplant No. 1 -
500 mw (Table 4) $204,491,000
be Powerplant No. 2 =
500 mw
(1) Cofferdams L.S. $ 11,200,000
(2) Excavation —_—
(a) Earth
1) By hydraulic
dredge 20,500,000 ¢y 60§ 12,300,000
2) In dry 2,000,000 cy  1.00 2,000,000
{b} Rock
1) In dry 22,200,000 ¢y  1.90 12,180,000
2) Underwater 300,000 ey 15.00 },500,000
Excavation $ 60,980,000

- {3) Powerhouse and equipment

Powerplant No. 2 - 500 nw

TOTAL POWERPLANTS-1000 mw

SWITCHYARD

FILLING GATES (Tables 7 & 8)

EMPTYING GATES (Table 9)

LOCKS (Tables 10«13)

DaM3
a, For 500 - mw project {Table 1L)
b, Bar Harbor dam

TOTAL DAMS
LUBEC CHANNEL (Table 15)

II-10

$150,491,000

$222,671,000
$427,162,000

3,950,000
62,631,000
57,627,000
18,917,000

63,664,000
790,000

$ 6k,UL5k,000
$ 634,000



9.

10.

11.

Table 6 - Continued

Unit
Liem Quantity Unit Price Amount
FISHWAYS

a, For 500 - mw project (Table 16)
b, For 500 mw - addition

SERVICE FACILITIES
a. For 500 - mw project (Table 17)
b, For 500 - mw addition

TOTAL SERVICE FACILITIES

RELOCATIONS
a, For 500 - mw project (Table 18)
b, For 500 - mw addition

TOTAL RELQCATIONS
LANDS AND DAMAGES

a. For 500 - mw project (Table 19)
b, For 500 - mw addition

TOTAL LANDS AND DAMAGES

SUB=TOTAL

Contingencies

SUB-TOTAL

Engineering, design, supervision & administration

PROJECT FIRST COST (1000-mw)

II-11

$ 1,298,000
1,026,000
$ “Z.320,.000

1,870,000
600,000

$ 2,470,000

$ 4,931,000
4,700,000

$ 9,631,000

$ 1,870,000
160,000

$ 2,030,000
$651,833,000

89,616,000

$741,LL9,000
74,482,000

$ 815,931,000



APPENDIX II

Table 7
TIDAL POWER PROJECT

LETITE PASSAGE FILLING GATES

Unit
Item Quantity Unit Price
a. Cofferdams L.5.
b. Excavation
(1) Earth, in dry 415,000 cy 1.00
(2) Rock, in dry 1,695,000 cy 2.00
(3) Rock, under water 83,500 cy 15.00
(4) Backfill 10,900 cy +20
Excavation
¢, Concrete
(1) Foundation preparation
(2) Foundation mat 156,800 cy 25.00
(3) Gate structure 128,000 cy 59.00

Concrete

d. Gates and Machinery
(1) Service gates & guides
(2) Machinery
(3) Emergency gates & guides
(4) Unwatering bulkheads
(5) Gantry crane & rails
{6) Electrical items

»
*

[l ol ol vl o
I
[GRORGRON R
* & T s =

Gates and machinery

e. Operations building L.S.
f. Misc, items L.S.

TOTAL IETITE PASSAGE FILLING GATES

II-12

$

$

$

Anmount
6,526,000
. 419,000
3,390,000
1,253,000
2,000
5,064,000

128,000
420,000

7,552,000

$

$

8,100,000

3,807,000
772,000
2,291,000
155,000
257,000

226,000

b

o

¥

7,508,000

56,000

218,000

$ 27,472,000



s
b

Ce

d.

€
f.

Unit
Item Quantity Unit Price
Cofferdams L.S.
Excavation
(1) Earth, in dry 406,250 cy 1.00
(2) Rock, in dry 4,325,000 cy 2.00
(3} Rock, under water 228,000 ey 15.00
Excavation
Concrete
(1) Foundation prepara-
tion L.S.
(2) Gate structure 158,000 ey 58.00
Concrete
Gates and machinery
(1) Service gates & guides L.S.
{2) Machinery LS.
(3) Emergency,gates & guides L.S.
(4) Unwatering bulkheads L.S.
(5) Gantry crane & rails L.S.
(6) Electrical items L.S.
Gates and machinery
Operations building
Misc., items

APFENDIX II
Table 8
TIDAL POWER PROJECT

WESTERN PASSAGE FILLING GATES

TOTAL WESTERN PASSAGE FILLING GATES

II=-13

Amount
$ 3,719,000

¥ 406,000
8,650,000
3,420,000

$ 12,476,000

$ 180,000
9,170,000

$ 9,350,000

$ 4,750,000
965,000
2,852,000
174,000
271,000
280,000

$ 9,292,000

$ 56,000
270,000

$ 35,162,000



APPENDIX II

Table 9

TIDAL POWER PROJECT

HEAD HARBOUR PASSAGE EMPTYING GATES

Unit
Ltem Quantity  Unit Price Amount
a, Cofferdams $18,923,000
b. Excavation
(1) Earth, by dredge 110,000 cy 1,10 $ L51,000
(2) Rock, in dry - 2,172,000 cy 2.00 i, 34,000
(3) Rock, underwater: 152,000. cy 15,00 2,280,000
(L) Backfill * 82,400 cy .20 16,000
Excavation $ 7,091,000
c., Concrete
El) Foundation preparation L.S. $ 237,000
2) Foundation mat 90,735 cy 25,00 2,268,000
(3) Gate structure 252,300 cy 58,00 14,633,000
Concrete $17,138,000
d. Gates and machinery
El) Service gates & guides L.S. 7,203,000
2) Machinery L.S. 1,351,000
(3) Emergency gates & guides L.S. 1,543,000
(L) Unwatering bulkheads L.S. 220,000
(5) Gantry crane & rails 1.S. 301,000
(6) Electrical items L.S. 388,000
Gates and machinery $14,011,000
e. Operations building L.S. 57,000
f. Misc. items L.S. 107,000

TOTAL HEAD HARBOUR PASSAGE EMPTYING GATES

II1-14
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APPENDIX II

Table 10

TIDAL POWER PROJECT

HEAD HARBOUR PASSAGE LOCK

_ Jnit
Item Quantity Unit Price Amount
a. Cofferdams L.S.  $1,L67,000
b. Excavation
(1) EBarth, in dry 51,500 cy 1.50 $ 77,000
\2) Rock _
(a) In dry 91741450 cy 2,00 $1,835,000
(b) Underwater 48,000 ey 15,00 720,000
(c) Backfill 60,500 cy .20 12,000
(d) Fine rock grading 40,000 sy 2,25 90,000
Excavation $2,73L,000
c. GConcrete
(1) Foundation preparation L.S. 28,000
{2) Lock structure 53,500 ey L2.00 2,217,000
Concrete $ 2,275,000
d. Gates and machinery
(1) Gates L.5. $ 342,000
{2) Machinery L.S. 109,000
(3) Unwatering bulkheads L.S. 267,000
(4} Service bridge LoSe 100,000
(5) Electrical items L.S. 138,000
Gates and machinery $ 956,000
€. Operations building L.S. 16,000
f. Misc, items L.S. 24,000
TOTAL HEAD HARBOUR PASSAGE LOCK $ 7,472,000
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APPENDIX TT
Table 11

TIDAL POWER PROJECT

WESTERN PASSAGE LOCK

Ltem Quantity Unit
Cofferdams
Excavation
(1) Earth, in dry 303,840  c.y.
(2) Rock _
(a) In dry 5789070 Ce¥e
(b) Underwater : 4,230  c.¥.
{¢) Backfill 52,800 coy.
{d) Fine rock grading 52,000 S.¥e
Excavation
Concrete
(1) Foundation preparation
(2) Lock structure 57,500  Ca¥e
Concrete
Gates and machinery

(1) Gates

(2) Machinery

(3) Unwatering bulkheads
(L) Service bridge

(5) Electrical items

Gates and machinery

Operations building
Misc. items

Unit
Price

LeSe
1.00
2,00
25,00

.20
2.25

L.S.
L0.00

TOTAL WESTERN PASSAGE LOCK

II=16

Amount

$ 1;93&9000
$ 304,000

1,156,000
106,000
11,000

117,000

$ 1,694,000

$ 11,000
2

2,300,000

$ 2,311,000

342,000
109,000
267,000

78,000

138,000
$  93L,000

16,000
211,000

$ 6,913,000
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APPENDIX IT
Table 12

T1DAL POWER PROJECT

LITTLE LETITE PASSAGE LOCK

Quantity

Unit
Unit Price

Jtem
Cofferdams
Excavation
(1) Rock
(a) In dry 57,400
(v} Underwater 15,370
{c) Backfill 6,000
(d) Fine rock _ - ' '
 grading 7,700
Execavation
Concrete

(1) Foundatign preparation

(2) Lock structure 1,150

Concrete

Gates and machinery

(1) Cates

(2) Machinery

(3) Unwatering bulkheads
(L) Service bridge

(5) Electrical items

L.S.

cy 2,00
¢y 15.00
cy .20

sy 2,25

cy 52,50

L.SO
LDS.
L‘S.
L.S.
L.SI

Gates and machinery

Operations building

Misc, items

L' S.

L.S.

TOTAL LITTLE LETITE PASSAGE LOCK

II-17

Amount

$ 212,000

$ 115,000
. 231,000
"1,000

’1?2000

¢ 360,000

& - 6,000
743,000

$ 7h9,000

$ 116,000
89,000
56,000
43,000

203,000
$ L07,000
$ 16,000
$ 8,000

$1.,756,000
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APPENDIX II
Table 13

TIDAL POWER PROJECT

QUODDY_ROADS TLOCK

. , Unit
Item Quantity Unit Price
Cofferdams L.S.
Excavation
(1) Rock
{(a) In dry 11,000 cy 11,00
(b) Underwater 5,900 cy 25.00
(¢) Backfill 5,200 cy 2.35
(d) Fine rock
grading 1,200 sy 2,25
Excavation
Concrete
(1) Foundation Preparation L.3.
(2) Lock structure 16,750 cy 51.00
Concrete
Gates and machinery '
(1) Gates L.S.
(2) Machinery L.S.
(3) Unwatering bulkheads L.S.
(L) Service bridge L.Ss.
(5) Electrical items L.S.

Gates and machinery
Operations building : L.S.
Misc, items _ L.S.

TOTAL QUODDY ROADS LOCK

II-18

Amount
$1,231,000
¢ 56,000

118,000
12,000

9,000

$ 225,000

% 7,000
854,000

$ 861,000
$ 116,000
89,000

52,000
43,000

103,600
$ 103,000
§ 16,000
$ 10,000

$2,7L6,000



APPENDIX II
Table 1l

TIDAL POWER PROJECT

TOTAL FISHWAYS
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Unit

Item Quantity Unit Price Amount
DAMS
a. Letite passages (3,740,000 c.y.) $ 3,891,000
b. McMaster Is. to Deer Is. (1,241,000 c.ys) 2,531,000
c. Head Harbour Passage,Bast (20,311,000 c.y.) 21,098,000
de. Head Harbour Passage,West (7,203,000 c.y.) 94591,000
e. Indian River (5,362,000 c.y.) L,519,000
f. Western Passage (12,322,000 c.y.) 15,387,000
g. Carryingplace Cove (345,000 c.¥.) 650,000
h., Quoddy Roads (2,750,000 c.y.) 53997,000

TOTAL DAMS (53,274,000 c.y.) $63,66M,000
Table 15
TIDAL POWER FROJECT

LUBEC CHANNEL
a. Excavation

(1) By hydraulic dredge 345,000 cy 90  $ 311,000

(2) By dipper dredge 170,000 oy 1.90 323,000

TOTAL LUBEC CHANNEL $ 634,000
_Table 16
TIDAL POWER PROJECT

FISHWAYS
b, Head Harbour emptying gates L.S. 272,000

$ 1,298,00C



APPENDIX IT
Table 17

TIDAL POWER PROJECT

Unit
Item Quantity Unit Price Amount
SERVICE FACTILITIES (500 mw )
a. Service roads
(1) In United States L.S. $ 210,000
(2) In Canada L. S. 522,000
Service roads $ 732,000
b, Buildings, grounds and
facilities
(1) Housing L.S. 170,000
(2) Service buildings L.S. 160,000
(3) Water supply L.S. 87,000
(L) Roads and railroad
sidings L.S. 96,000
(5) Operating equipment IL.S. - 625,000
Buildings, grounds and
facilities 1,138,000
TOTAL SERVICE FACILITIES $l,870,000
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APPENDIX IT
Table 18

TIDAL PCWER PROJECT

Item

RELOCATIONS (500 mw)
a. Relocations in United States
(1) Roads and bridges
(a) Highways
(b) Railroad
(¢c) Highway and railroad
bridge

(2) Waterlines

{3) Talephone and telegraph
lines

(L4) Electric lines

(5) Cemeteries

(6) U.S. Coast Guard

(7) International boundary
monuments

be. Relocations in Canada
(1) Electric lines
(2) Cemeteries

Unit
Quantity Unit Price Amount
L.s. §& 54,000
L.S. 212,000
LeSe 4,155,000
Roads and bridges $ 4,421,000
L.S. 614,000
L.s. 30,000
L.S. 55,000
L.S. 2,000
L.S. 250,000
‘ L.S. 10,000
Relocations in
United States $ L,832,000
L.S. 95,000
L.S. L, 000
Relocations in
Canada $ 99,000
TOTAL RELOCATIONS $ h,931,000
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APPENDIX TII
Table 19

TIDAL POWER EROJECT

LANDS AND DAMAGES (500 mmw)

e

b.

Lands and damages in United States
(1) Lands and improvements LS

(2) Damages, modification of structures
in low pool )

Lands and damages in United States
Lands and damages in Canada
(1) Lands and improvements 1S
(2) Modification of structures 1.3

Lands and damages in Canada

LANDS AND DAMAGES

- II-22

$ L86,000

557,000

$1,043,000

$ 359,000

168,000

$ 827,000

$1,870,000
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APPENDIX II

Table 20

ESTIMATE OF COST

DICKEY PROJECT - 190 MW

Unit
Ttem ‘ , Quantity Unit Price Amount
LANDS AND DAMAGES
a. Lards (109,850 ac.) L.s. § 3,400,000
be Improvements (210 bldgs.) L.S. 300,000
Ce Severance L.S. 700,000
d. Resettlements L.S. 55,000
es Water rights L.S. 10,000
f. Access roads easements L.S. 4,000
TOTAL LANDS AND DAMAGES $ 4,469,000
RELOCATIONS |
a. Roads amnd bBridges L.8. § 1,300,000
be Power and telephone lines LS. 13,000
c. Cemeteries L.S. 50,000
TOTAL RELOCATIONS $ 1,363,000
RESERVOIR CIEARING L.S. § 2,000,000
DAMS
a, Stream control and diversion
(1) Inlet
(a) Earth excavation 1,020,000 c.y. S50 $ 510,000
(b) Rock excavation 235,000 cey. 1.80 423,000
(¢) Gates, racks and -
guides 611,400 1bs. «50 306,000
(d) Concrete B,020 cCe¥e 55,00 331,000
Inlet $ 1,570,000
(2) Gate Structure
(a) Rock excavationshaft 20,000 caye 2000 § 400,000
(b) Gates and hoists L.S. 262,000
(c) Concrete 20,200 c.y. 68,00 1,327,000
(d) Crane and structure L.S. 138 ,000
(e) Valves L.S. 300,000
(£f) Elevator L.S. 80,000
Gate structure $ 2,507,000
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Table 20 (cont.)
ESTIMATE OF COST

DICKEY PROJECT - 190 MW

(7) Drainage tunnel

Embankment (55,468,000 c.y.)

II-24

Unit
Item Quantity Unit Price
4., DAMS (continued)
a. Stream control and diversion (cont.)
(3) Tunnels
{a) Rock excavation 186,000 c.y. 20,00
(b) Concrete lining 66,800 c.y. 45,00
(c) Misc., items L.S.
Tunnels
(4) Outlet
(a) Earth excavation 97,000  c.y. .60
(b) Rock excavation 325,000  c.¥. 1.80
{c) Concrete 1,600 c.y. 47.00
(d) Misc. items L.S.
Outlet
(5) Cofferdams L.S.
Stream control and diversion
b. Embankment :
(1) Preparation of site L.S.
(2) Excavation
(a) Stripping 1,825,000 c.¥e 50
(b) Cutoff trench 984,000 c.y. +60
(¢) Foundation grouting L.s.
Excavation
(3) Fm11 '
(a) Impervious fill 8,065,000 c.y. .78
(b) Pervious fill
1) From sarth excav. 5,600,000  c.¥e 13
2) From rock excav. 11,000,000 c.y. +20
3) From borrow 28,800,000 c.y. .68
Pervious fill
(4) Gravel bedding and slope
protection 1,100,000 c.y. 1.25
(5) Rock slope protection
(a) From excavation 685,000 c.y. W40
(b) From borrow 218,000 c.y. 4,50
Rock slope protection '
(6) Roadway across dam L.S.

Amount.

$ 3,720,000
3,008,000

146,000
$ 6,872,000

$ 58,000
585,000
72,000

000
$E000
120,000
$1T,793,000

$ 76,000
$ 913,000

$ 1,553,000

$ 6,291,000
728,000
2,200,000

19, 584,000
$22,512,000

1,375,000
274,000

§__1222999
1,255,000

216,000

L.S. 150,000
33,428,000



Item

Table 20 {cont,)

ESTIMATE OF COST

DICKEY PROJECT = 190 MW

Quantity

Unit

Unit

Price Amount

4, DAMS (continued)

Ce

de

(=1

Saddle dams

(1) Falls Brook (7,310,000 c.y.
(2) Hafey Brook (1,980,000 c.y.
(3) Blue Brook { 38,000 c.y.
(4) Campbell Brook (44,000 c.y.
(5) Cunliffe Brook(211,000 c.y.

M N N A Nt

Saddle dams (9’583,000 COYI)

Spillway
(1) Preparation of site
(2) Bxcavation

(a) Earth 800,000
{(b) Rock 4,500,000
Excavation
(3) Concrete 92,600
(4) Misc. items .
Spillway
Intake
(1) Approach channel
(a) Earth excavation 320,000
(b} Rock excavation 375,000

Approach channel
(2) Intake structure

(a) Rock excavation 69,500
(b) Gates and hoists
(c) Concrete 61,000

Intake structure

(3) Misc. items
Intake

f. Allagash channel

(1) Stream control and diversion
(2) Earth excavation. 4,000,000
(3) Slope protection

Allagash channel

TOTAL DAMS
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Ce¥e
Ce¥e

CeYe

CoYe
CoYe

dcy'o

CeYe

CeYe

$ 4,900,000
2,507,000
142,000

4y, 000

ggé,ooo
$ 7,989,000
L.S. $§ 75,000

.50 400,000

1,80 _8,100,000

$ 8,500,000

45,00 4,167,000
L.S.

103,000
$12,8%5,000

60 $ %92,000
1.80 000
$"“§£7,ood

1.80 $§ 125,000
L.S. 680,000
41,50 2,532,000

$ 3,337,000
110,000
$7%,315,000

L.s. § 50,000
.60 2 ,LI'OO L ] 000

L.S. 100,000
$ 2,550,000

$72,919,000
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Table 20 {cont.)

ESTIMATE OF COST

DICKEY PROJECT - 190 MW

TOTAL SWITCHYARD
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Unit
ITtem Quantity Unit Price
PENSTOCKS
a. Excavation
(1) Earth 42,500 cuy. 60
(2) Rock 107,000 c.y. 1.80
Excavation
be. Steel conduits 6,450,000 1bs. 32
c. Bxpansion joints L.S.
d. Anchors and supporis
(1)} Concrete 15,150  cuy. 53.00
(2) steel 715,000 1bs, A0
Anchors and supports
e. Station service conduits - L.s.
f. Fill over penstocks 65,000 c.y. 1,00
TOTAL PENSTOCKS
POWERPLANT
a. Powerhouse _ L.S.
b, Turbine, gensrators, etc. L.S.
¢. Accessory electrical equipment L.s.
d. Misc. powerplant equipment L.3.
e. Power transformers L,S.
f. Tailrace
(1) Excavation
(a) Earth 1,430,000 c.y. .50
(b) Rock 2,800,000 c.y. .80
~ Tailrace
TOTAL POWERPLANT
SWLTCHYARD
a. Circuit breakers L.s.
b. Disconnecting switches L.3S.
¢+ Grading, structures, bus, etc. L.S.

Amount
$ 26,000
192,000

$ 218,000
$ 2,060,000
60,000
o
$ 1,079,000
$ 142,000

: 63,000
$ 3,624,000

$11,300,000
8,636,000
870,000
870,000
1,100,000

715,000

5,040,000
$ 5,755,000
$28, 531,000

$ 478,000
148,000
000

$ 1,583,000



Table 20 (cont.)

ESTIMATE OF COST

DICKEY PROJECT - 190 MW

Unit
Ltem Quantity Unit Price
8. ACCESS ROADS
a. Access roads to dam and
recreation area LeSe
b. Rebuild highway from
St. Francis to Lincoeln School L.s.
c. Ferry ramps and access roads L.S.
TOTAL ACCESS ROADS
9. BUILDINGS, GROUNDS AND FACILITIES
as Housing L.S.
be Service buildings L.S.
¢, Operating equipment L.S.
d. Marine plant L.S.
e. Logway L.S.
TOTAL BUILDINGS, GROUNDS
AND FACILITIES
SUBTOTAL DICKEY PROJECT
Contingencies

SUBTOTAL

Engineering, design, supervision and administration

TOTAL PROJECT FIRST COST (190 mw)

IT.27

Amount

$ 270,000

240,000
50,000

$ 560,000

$ 187,000
122,000
89,000
122,000

208,000

$ 728,000

$115,777,000
16,935,000
$132,712,000

14,954,000
$147,666,000



APPENDIX II
Table 21

ESTIMATE OF COST

DICKEY PROJECT - 380 MW

Lands & Damages

Relocations

Reservoir Clearing |

Dams

Penstocks

Powerplant
Powerhouse $ 12,200,000
Turbines & Generators 17,150,000
Acc. Elect., Eguip. 1,420,000
Mise¢. Pewerplant Egulp. 990,000
Power Transformers 1,578,000
Tailrace 5,755,000

Total Powerplant
Switchyard

Access Roads & Bridge
Buildings, Grounds & Facilities

SUBTOTAL

Contlngencies

SUBTOTAL

Engineering, design, supervision & administration

TOTAL PROJECT FIRST COST (380 mw)

I1.28

$ 4,469,000
1,363,000
2,000,000

72,919,000
7,249,000

39,093,000

1,940,000
560,000
728,000

$130,321,000

18,691,000

$149,012,000

16,559,000

$165,571,000



APPENDIX II
Table 22

ESTIMATE OF COST

DICKEY PROJECT - 475 MW

Lands & Damages
Relocations
Reservoir Clearing
Dams

Penstocks

Powerplant
Powerhouse
Turbines & Generators
Acc. Elect. Equip.
Misc. Powerplant Equip.
Power Transformers
Tailrace

Total Powerplant
Switchyard
Access Roads & Bridges
Buildings, Grounds & Facilities

SUBTOTAL

Contingencies

SUBTOTAL

Engineering, design, supervision & administration

TOTAL PROJECT FIRST COST (475 mw)

$ 4,469,000

1,363,000

2,000,000

725,919,000

9,062,000
$ 12,600,000
21,440,000
1,695,000
1,045,000
2,056,000
227555000

L"‘LI"591’000

2,787,000

560,000

728,000

$138,479,000

19,700,000

$158,179,000

17,476,000

$175,655,000

11-29



APPENDIX II

Table 23

ESTIMATE OF COST

DICKEY PROJECT ~ 760 MW

Lands & Damages
Relocations
Reservelir Clearing
Dams

Penstocks

Powerplant
Powerhouse
Turbines & Generators
Acc. Elect, Equip.
Mise., Powerplant Equip.
Power Transformers
Tailrace

Total Powerplant
Switchyard
Access Roads & Bridges
Buildings, Grounds & Facilitles
SUBTOTAL

Contingencies

SUBTOTAL

Engineering, design, supervision & administration

TOTAL PROJECT FIRST COST (760 mw)

$ 4,469,000

1,363,000

2,000,000

72,919,000

14,503,000
$ 13,900,000
34,300,000
24520,000
1,220,000
24534,000
547555000

60,229,000

3,466,000

560,000

728,000

$160,237,000

22,321,000

$182,558,000

19,880,000

$202,438,000

IT.30



1.

Re

5.

4,

AFPPENDIX TII
Table 24

ESTIMATE OF COST

LINCOLN SCHOCL PROJECT

Unit
Item Quantity Unit Price Anmount
LANDS AND DAMAGES
a. Lands (2150 aca.) L.S. ¢ 190,000
be Improvements (60 bldgs.) L.S. 180,000
¢. Resettlements L.S. 50,000
TOTAL LANDS AND DAMAGES $ 400,000
RELOCATIONS
a. Roads and bridges L.5. § 1,200,000
b. Power and telephone lines L.S. 38,000
TOTAL RELOCCATIONS $ 1,238,000
RESERVOIR CIEARING LS. § 40,000
DAMS
a. Stream control and diversion LS. §$ 100,000
b« Embaniment
(1) Preparation of site L.S. § 10,000
(2) Excavation
(a) Stripping 200,000 Co¥e «50 100,000
(b) OCutoff trench 50,000 CeYe «80 30,000
(3) Fill
(a) Impervious fill 485,000 CoYe «35 170,000
(b) Random f£ill 680’000 Cele «35 238,000
(¢) Rock £ill 97,000 CeYe «40 39,000
(4) Gravel bedding 23,000 CeYe 1450 42,000
(5) Rock slope protection
(a) From excavation 64,000 Ce¥e «40 26,000
(b) From borrow 19,000 Co¥e 4450 86,000
{6) Roadway across dam L.S. 24,000
Embankment (1,373,000 Ce¥a) $ 765,000
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Table 24 (cont.)

ESTIMATE OF COST

LINCOLN SCHOOL PROJECT

5. POWERPLANT

e
be
Ce
d.
€.
f.

6+ SWLTCHYARD

ae
be

Unit
Item Quantity Unit Price Amount.
4, DAMS (contimed)
Spillway .
(1) Preparation of site L.S. § 10,000
(2) Excavation
(a) Earth 954,000 c.y. «50 477 ,000
(b) Rock 282,000 c.y. 1.80 508,000
(3) Concrete | 42,500  CoY¥e 45,00 1,913,000
(4} Taintor gates (4-40'x
30!), guides and Hoists L.S. 400,000
{5) Miscellaneous items L.S. 150,000
Spillway $_3,458,000
TOTAL DAMS $ 4,323,000
Powerhouse L.S. $ 1,650,000
Turbines, generators, etc. L.S. 3,273,000
Accessory electrical equipment L.S. 522,000
Misgc. powerplant equipment LS. 261,000
Transformers L.S. 126,000
Forebay and tailrace excavation
(1) Earth 348,000 c.y. «50 174,000
(2) Rock 158,000 c.y. 1l.80 284,000
TOTAL POWERPLANT $ 6,290,000
Circuit breskers LS. § 104,000
Disconnect switches , L.S. 43,000
Grading, structures, tus, etc, L.S. 240,000
TOTAL SWITCHYARD $ 387,000
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Table 24 {cont.)

ESTIMATE OF COST

LINCOLN SCHOOL PROJECT

Unit
Ttem Quantity Unit Price Amount
7+ BUILDINGS, GROUNDS & FACILITIES LeS. $ 208,000
8. ACCESS ROADS L.s. $ 50,000
SUB=TOTAL $12,936,000
Contingencies 1,776,000
SUB-TOTAL $14,712,000
Engineering, design, supervision & administration 1,553,000
TOTAL PROJECT FIRST COST $16,265,000
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